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Abstract 


Th«  purpos*  of  this 


Wtxay'^i 


VOS  to  ovoluoto  tho  rolotivo 


pocfornonc*  ond  cost  of  csntrsllssd  Intsmsdists  nsintsnsncs 
versus  trsditionsl  orgsnic  nsintsnsncs.  Ths  study  hsd  thrss 
objectives:  1)  Hsssurs  psscstlns  rssdinsss  psrfornsncs  for 
csntrslissd  end  orgsnic  intsrnsdists  nsintsnsncs^  2) 

Hsssurs  wsrtins  conbst  espsbility  psrfornsnCs  for  both 
nsintsnsncs  concepts^  |^3)  To  conpsrs  nsintsnsncs  costa 
between  csntrslissd  snd  orgsnic  intsensdists  nsintsnsncs 
concepts . 

Ths  objectives  were  scconplishsd  through  ststisticsl 
snalyaia  of  ths  Jet  Engine  Nsintsnsncs  Sinulstor  (JENS) 
ainulstion  nodsl  for  F16  FllO  engines.  Ths  cost  conpsrisons 
vers  obtained  fron  Air  Pores  Logistics  Gonna nd — 
agencies  and  the  F16  Systsns  Progran  Off ics**^P<H'l 

Analysis  of  ths  sinulation  results  found  that  psnestims 
readiness  rates  vers  statistically  ths  sans  for  26  of  30 
psacstins  sinulations.  Of  ths  four  results  which  showed 
significant  differences «  thrss  favored  organic  naintsnance 
while  one  favored  centralised  naintsnance.  Different 
sinulations  were  nade  for  varying  transit  tines «  naintsnance 


crews «  and  quantity  of  spares 


The  wartine  results  found  statistical  differences  in 

i 

aircraft  availability  on  20  of  the  30  sinulation  runs.  Of  / 


th«s«i  16  found  highor  availability  cataa  for  organic 
Mintananca  whlla  four  found  hlghar  rataa  for  cantrallsad 
atructuras. 

tha  auatalnad  raaults  found  atatlatleal  diffarancas  in 
aircraft  availability  on  28  of  tha  30  runii.  Of  thaaa#  25 
found  hlghar  availability  rataa  for  organic  aalntananca 
whlla  thraa  found  hlghar  rataa  for  cantraliaad  atructuraa. 

Tha  aatlaatad  coat  dlf fc  :antlal  for  tha  atalntananca 
atructuraa  ovar  tha  180  day  acanario  waa  $7, 458 « 276.  Thia 
coat  diffaranca  Includad  aatlaataa  for  Intaraadiata  aupport* 
tranaportation*  initial  aparaa#  war  raaarva  aparaa  kita 
(NRSK)f  apara  FllO  anginaa#  raplanlahnant  aparaa#  and 
aupport  aquipaant. 

Thia  atudy  racooaandad  that  organic  angina  aupport  ba 
maintainad  for  FllO  anginaa  and  that  organic  intarmadlata 
oaintananca  ba  prafarrad  for  maximum  combat  capability. 
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AN  ASSBSSNBNT  OB  CBNTRALXZBD  INTBRHBDXATB 
NAXNTBMANCB  UPON  COHBAT  CAPABILITY 


1.  XntgQduction 


Ch^pf  r  Ovrvi«%> 

This  chsptsr  pcovidss  s  gsnsrsl  bsckground  on  ths  subjsct 
of  nsintsnsncs  planning  within  ths  Unitsd  Ststss  Air  Pores. 

A  rsvisw  and  analysis  of  ths  sxisting  maintsnancs  guidslinas 
is  providsdf  along  with  an  sxamination  of  ths  currant  Air 
Pores  maintsnancs  structurs.  Ths  rsssarch  problsm  is  statsd# 
and  ths  rsssarch  goals  and  objsctivss  ars  outlined.  Also 
included  in  this  chapter  are  ths  scops#  limitations#  rsssarch 
assumptions#  and  ths  definitions  of  frequently  used  terms. 

Background 

Ths  maintsnancs  function  within  ths  Department  of  Defense 
(DOD)  is  big  business.  Nithin  all  ths  services#  900#000 
people  ars  involved  in  maintaining  mors  than  $200  billion 
worth  of  equipment  and  weapon  systems.  All  of  this 
siaintsnance  comes  at  a  price  tag  estimated  at  above  $40 
billion  per  year  (31:26'>32).  The  current  reality  of 
decreasing  DOD  funding  makes  alternative  maintenance 
strategies  more  attractive.  The  Air  Force's  ability  to 
project  and  sustain  combat  capability  is  dependent  upon 
effective  maintenance  support  (32:52).  The  design# 
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management#  and  implomentatlon  of  this  logistics  support  is 
dependent  upon  an  overall  "systems"  approach  (35:112-113). 

Maintenance  Planning 

The  design  and  implementation  of  a  maintenance  ^strategy 
begins  early  in  the  acquisition  process.  This  logistics 
planning  process  is  defined  within  Air  Force  Regulation  (AFR) 
800-3  and  is  Known  as  the  Integrated  Logistics  Support  (ILS) 
Program.  This  regulation  establishes  the  Air  Force's  program 
for  logistics  support  as  required  by  DOD  Directive  5000.39. 
The  purpose  of  the  ILS  program  is  to  c  'bine  all  the 
technical  and  management  activities  associated  with  the 
acquisition  of  an  Air  Force  weapon  system.  The  program  is 
designed  to  accomplish  the  following  objectives: 

1)  To  include  support  considerations  into  the  design 
objectives  of  the  weapon  system. 

2)  To  include  and  relate  support  considerations  into  the 
readiness  objectives#  system  design#  and  sustainability 
goals. 

3)  To  acquire  the  required  support  for  the  weapon 
system. 

4)  To  provide  the  required  support  for  the  operational 
phase  consistent  with  the  identified  life  cycle  cost 
objectives  (35:172-173). 

The  importance  of  maintenance  planning  and  its  subsequent 
implementation  is  crucial  to  all  weapon  systems.  Maintenance 
planning  is  a  primary  ILS  element  and  is  defined  as  the 
process  conducted  to  identify  and  establish  maintenance 
concepts#  plans#  and  requirements  for  the  "on"-aircraft  and 
"of f "-aircraft  maintenance  to  be  performed  during  the  life  of 
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th*  weapon  syatem  (6:2-3).  The  designed  performance  of  a 
weapon  system  and  its  operational  readiness  are  embodied  in 
the  operational  concept.  This  fact/  dictates  the 
consideration  of  the  following: 

1)  The  maintenance  concept  must  be  compatible  with  the 
operational  concept. 

2}  Hardware  design  directly  influences  the  design  and 
demand  requirements  for  maintenance. 

3)  Preventive  and  corrective  maintenance  is  generated  by 
operations. 

4)  Supply  requireraents  and  the  associated  support 
concept  are  generated  as  a  result  of  the  maintenance  effort. 

5)  Packaging#  handling#  and  transportation  needs  result 
from  the  maintenance  actions.  (8:5-7) 

This  maintenance  planning  effort  defines  the  actions  and 
support  requirements  necessary  to  maintain  the  designed 
system  in  its  prescribed  state  of  readiness.  It  considers 
the  various  maintenance  functions  and  the  levels  at  which 
such  maintenance  should  be  performed. 

Approximately  one  third  of  all  Air  Force  resources  - 
people#  money#  and  material  -  are  required  each  year  to 
satisfy  maintenance  requirements.  Failure  to  properly  plan 
the  expenditure  of  these  resources  can  greatly  reduce  Air 
Force  effectiveness#  and  consequently  lower  Air  Force  combat 
capability  (24:2-3). 

Maintenance  Concept 

The  maintenance  concept  is  Included  in  the  initial  weapon 
system  documentation  phases  of  the  acquisition  process.  The 
maintenance  concept  is  a  general  plan  that  sets  the  broad 


3 


parameters  in  which  a  support  system  must  be  designed.  The 
concept  establishes  maintenance  requirements/  supply 
considerations#  and  constraints  for  a  proposed  new  system 
(24:7-8). 

This  initial  maintenance  concept  helps  formulate  the 
design  characteristics  needed  to  obtain  the  optimum  balance 
between  operational  effectiveness  and  life  cycle  costs.  In 
the  long  run  of  the  life  cycle#  maintenance  costs  are 
typically  the  greatest  cost  factor  influencing  support  costs. 

After  the  initial  maintenance  concept  has  been 
established#  the  systems  engineering  and  logistics  plans  are 
formulated.  The  maintenance  concept  is  developed  first  to 
serve  as  a  guide  for  logisticians  and  designers  in  planning 
their  efforts#  in  context  with  both  operational  and 
maintenance  requirements. 

When  the  weapon  system  and  the  corresponding  logistics 
support  have  been  designed  adequately#  the  maintenance 
concept  becomes  the  maintenance  plan  and  is  then  published  as 
part  of  the  Integrated  Logistics  Support  Plan  (ILSP).  This 
maintenance  plan  is  a  formal  document  which  provides  detail 
to  the  maintenance  concept  and  describes  the  technical 
requirements  and  design  parameters.  Its  objective  is  to 
prescribe  a  plan  of  action  for  each  significant  item  of  a 
system  throughout  its  life  cycle  (11:112#138) . 
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Maintenance  Planning  Guide 


During  the  earliest  phases  of  the  acquisition  cycle i  the 
maintenance  concept  guides  the  design  of  the  logistics 
support  system.  Included  are  factors  such  as  the  maintenance 
environment  (basing  concept#  climate#  organization)  and 
support  factors  (fully  mission  capable  rates#  sortie 
generation  rates#  etc.).  During  the  demonstration  and 
validation  phase  of  acquisition#  trade-off  studies  are  made 
to  refine  the  maintenance  concept.  These  studies  influence 
and  impact  the  repair  level  decisions  for  different 
maintenance  concepts. 

Included  in  these  testa  are  factors  such  as  repair 
location#  data  collection  sources#  technical  requirements# 
and  program  management  objectives.  Once  these  studies  are 
complete#  the  more  detailed  maintenance  plan  is  published  to 
allow  the  acquisition  cycle  to  enter  the  Full-Scale 
Development  phase.  By  this  point  in  time#  all  "anticipated" 
major  maintenance  tasks  have  been  identified  and  resources 
set  aside  to  meet  these  maintenance  demands. 

During  the  production  and  deployment  phases  of 
acquisition#  the  maintenance  plan  is  again  reviewed  to 
determine  how  well  objectives  have  been  met.  The  maintenance 
plan  does  not  become  static#  but  is  allowed  to  change  when 
deemed  necessary.  The  maintenance  plan  serves  as  a  reference 
document  during  the  provisioning  process  which  determines 
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spar*  part  Isvsls.  This  procsss  idsntlfies  the  source  and 
location  of  repair  assets  for  the  weapon  system  (24:4-6). 

The  operational  and  maintenance  concepts  must  be 
developed  concurrently.  A  proposed  operational  concept  is 
meaningless  if  it  exceeds  projected  maintenance  capability. 
Air  Force  regulation  800-11  also  dictates  that  support 
requirements  be  achieved  at  an  affordable  cost.  The 
importance  of  combining  both  the  operational  and  support 
plans  is  obvious.  The  ability  to  sustain  operational 
capability  is  dependent  upon  maintenance  support.  The  Air 
Force's  future  effectiveness  during  an  era  of  reduced 
funding/  depends  upon  effective  maintenance  planning  (10:3). 

Current  Maintenance  Concepts 

Current  Air  Force  aircraft  systems  typically  use  three 
levels  of  repair  capability.  The  level  of  repair  decision 
and  its  location  is  important  because  it  impacts  the 
allocation  of  workloads  at  both  the  bases  and  the  depots. 
These  three  repair  levels  are  organizational/  intermediate/ 
and  depot.  The  relative  difficulty  of  the  maintenance  tasks 
increases  from  organizational  level  thru  depot  level. 

Normally  "flight  line"  and  "minor"  repair  actions  are 
classified  aj  organizational  maintenance.  Intermediate  level 
maintenance  usually  Involves  "off-aircraft”  component  repair 
actions.  Intermediate  level  usually  requires  specialized 
equipment  and  more  personnel  proficiency  than  organizational 
maintenance.  The  final  repair  level  is  depot  maintenance. 


Thia  laval  raquicas  apacific  "industrial"  capabilitiaa  vhicli 
aca  net  readily  available  at  each  operating  baaa.  Major 
modifications  and  overhauls  require  extensive  engineering 
expertise  which  is  normally  available  only  at  the  depot 
level.  The  maintenance  concept  specifies  at  what  level  a 
particular  item  will  be  repaired.  This  repair  decision  will 
either  generate  a  new  repair  requirement  or  take  advantage  of 
an  existing  repair  capability  (35:275-276). 

Current  combat  strategies  stress  the  importance  of  unit 
"self-sufficiency".  Based  upon  this  operations  strategy/ 
most  units  today  have  organic  organizational  and  intermediate 
repair  capability.  Senior  Air  Force  leaders  stress  the 
importance  of  units  deploying  and  operating  independent 
maintenance  units.  Mobility  plans#  for  deployment  overseas# 
require  the  airlift  of  those  maintenance  assets  needed  for 
both  organizational  and  intermediate  level  maintenance 
(25:4-7). 

The  Pacific  Air  Force  (PACAF)  maintained  an  alternative 
maintenance  structure  from  1977  thru  1986  for  its  seven 
aircraft  units.  PACAF  centralized  its  intermediate  level 
maintenance  at  Kadena  Air  Force  Base  (AFB)  in  Okinawa#  Japan 
to  minimize  airlift  requirements  and  reduce  vulnerability  for 
its  Korean  bases.  The  attached  map  and  PACAF  aircraft 
assignments  are  shown  in  Appendix  A  and  Appendix  B.  Recent 
changes  in  threat  assessments  for  PACAF 's  centralized  repair 
facility  have  changed  its  maintenance  strategy#  and. PACAF  is 
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curc*ntly  adopting  tha  Air  Forca's  traditional  "aaxf- 
aufficiant"  atructura  (15:8-10). 

Background  Summary 

Tha  maintananca  atructura  and  atratagy  for  any  Air  Force 
weapon  ayatem  la  identified  early  iiv  the  acquialtion  cycle. 
Effective  maintenance  aupport  dependa  upon  the  integration  c 
many  diatinct  functiona.  Among  theae  areaa  are  operational 
plana,  weapon  deaign/  maintenance  aupport/  and  basing 
atrategy.  Both  the  miaaion  and  aupport  plannera  need  to  be 
aware  of  their  Interdependence.  Early  resolution  of 
potential  conflicts  enhances  the  capability  of  any  weapon 
syste 

Policy  planners  today  rely  primarily  upon  a  S-level 
maintenance  concept.  The  desire  for  organic  base  "self- 
sufficiency"/  dictates  the  location  of  organizationaJ  and 
intermediate  repair  capability  at  the  unit  level. 

Position 

This  paper  takes  the  position  that  emerging  trends 
dictate  a  re-evaluation  of  the  Air  Force's  current 
maintenance  strategy.  Reduced  budget  funding/  improved 
reliability/  and  airlift  capacity  constraints  will  impact 
future  weapon  systems. 

The  ability  of  the  Air  (orce  to  assess  alternative 
maintenance  strategies  will  become  a  necessity.  This  paper 
will  examine  the  maintenance  strategy  for  centralized 


int«cin*diat«  rapair.  Its  focus  will  ba  whathar 
cantralizatlon  of  rapalr  assats  Improves  or  datracts  from  tha 
Air  Forca's  ability  to  sustain  combat  capability. 

Statamant  of  Problam 

Paacatima  budgat  constraints  and  wartime  combat 
capability  goals  ar»  inevitably  at  odds.  This  research  will 
evaluate  tha  efficiency  and  af factivanass  of  centralizing 
intermediate  repair  within  a  regional  theater.  Alsof  what 
henafits  are  gained  by  centralizing  repair  assets  within  a 
regional  theater? 

Research  Objectives 

Tha  overall  objective  of  this  study  is  to  identify  the 
impact  of  cantralizatlon  of  repair  assets  upon  combat 
capability.  To  accomplish  thia«  an  actual  historical  example 
was  examined  and  compared  with  more  traditionally  structured 
units.  A  means  of  evaluating  maintenance  efficiency  and 
effectiveness  was  needed.  Three  strategies  were  pursued  to 
meet  the  objectives: 

1)  Reliable  maintenance  data  was  obtained  from  Air  Force 
agencies  to  measure  PACAF's  maintenance  performance  history. 

2)  Cost  data  was  collected  to  determine  the  relative 
costs  within  PACAF  for  the  centralized  and  dispersed 
maintenance  strategies. 

3)  An  F16  ei.gine  support  simulation  model  was  run  to 
compare  peace  and  wartime  combat  capabilities  for  each 
Intermediate  maintenance  structure. 
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InvtiQatlv  Qu»stiona 


Tc  accomplish  ths  cssssrch  objectives;  evaileble 
literature  on  the  centralized  maintenance  concept  was 
reviewed;  and  the  Air  Force  Logistics  Command's  (AFLC) 
Comprehensive  Engine  Management  System  .(CEMS)  data  was  used. 
The  CEMS  data  from  D042  provided  current  information  about 
F16  engine  maintenance  from  PACAF  units  and  United  States  Air 
Forces  in  Europe  (USAFE)  units.  These  available  sources  and 
a  Jet  Engine  Management  Simulator  (JEMS)  model  addressed  the 
following  questions: 

1)  How  does  centralized  intermediate  engine  repair 
impact  peacetime  capability? 

2)  tihich  intermediate  repair  concept  achieves  higher 
wartime  combat  capability? 

3)  Does  centralization  of  intermediate  repair  improve 
efficiency  and  reduce  overall  maintenance  costs. 

Scope  of  Study 

The  only  long-term  attempt  at  ■  entrallzing  intermediate 
repair  assets  has  been  within  PACAF.  The  applicability  of 
this  study  must  be  viewed  within  that  context.  A  conscious 
effort  has  been  made  to  choose  measurement  parameters  that 
might  lessen  this  limitation.  Still  the  fact  remains  that 
our  results  may  be  solely  applicable  to  PACAF  units.  The 
comparison  with  non-PACAF  units  represents  an  effort  to 
explore  potential  Information  that  might  warrant  further 
examination.  The  multitude  of  variables  Impacting  upon  such 
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broad  noaaurononta  a«  naintonanc*  affactlvanaaa  among  lacga 
Air  Porea  unlta  is  difficult  to  isolata.  Bach  caadac  must  ba 
constantly  awara  of  this  rasaarch  limitation* 

Limitations 

Tha  availability  of  data  and  tima  constraints  limit  tha 
rasaarch  dasign.  Tha  many  ralavant  variablaa  in  maasuring 
maintananca  afficiancy  and  affactivanass  ara  almost 
limitlass.  Tha  high  cost  natura  of  propulsion  anginas  mada 
its  salaction  logical  bacausa  of  its  critical  importanca  to 
raadinass  and  tha  availability  of  maintananca  data.  Tha 
currant  shift  back  to  a  disparsad  maintananca  concapt  within 
PACAF  also  limitad  availabla  data. 

Thw  political  natura  of  tha  topic  was  also  avidant.  Air 
Forca  v.cmmandars  ara  hasitant  about  advocating  \;ha  "loss  of 
thair  ampiras"  for  Improvad  productivity  or  afficiancy.  Host 
wings  currently  hava  direct  control  ovar  most  organizational 
and  intarmadlata  xaval  lapalr  assats.  Cantralizatlon  would 
dictate  the  loss  of  this  control  and  of  independent  repair 
capability.  Another  rasaarch  limitation  is  security 
classif lections  for  relevant  studies.  The  Air  Force 
conducted  several  atudies  to  assess  centralization  for  USAFE 
units  during  1980~1383.  The  security  classifications  for 
these  studies  would  hava  required  burdensome  administrative 
actions  and  limited  the  distribution  of  this  study.  The 
author  chose  to  avoid  these  limitations  and  therefore  wa 
unable  to  explore  the  results  of  these  studies.  In  addition# 
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security  classifications  linitad  tha  evaluation  of  classified 
vulnerability  assessments.  Air  Force  Regulation  (AFR)  66-14 
authorises  the  centralisation  of  repair  assets  to  a  "safe 
haven*.  The  evaluation  and  consideration  of  this  aspect  will 
not  be  directly  addressed  within  this  study. 

‘  Research  Assumptions 

This  study  will  assume  that  maintenance  performed  upon 
P16  jet  engines  is  representative  of  overall  maintenance 
performance.  The  availability  and  accuracy  of  the  CBMS  data 
made  this  assumption  necessary.  The  high  cost  nature  of  jet 
engines  and  their  impact  upon  mission  capability  generates 
management  interest.  Other  items  probably  do  not  warrant  the 
same  amount  of  visibility  or  attention. 

This  study  also  will  assume  that  the  maintenance 
structure  materially  impacts  mission  capability.  Factors 
such  as  different  supply  policies «  manpower  levels i  and  skill 
proficiencies  will  not  be  specifically  addressed.  The 
peacetime  comparisons  between  different  wings  will  focus 
strictly  upon  performance  results.  The  many  different 
factors  which  generate  these  performance  results  will  not  all 
be  examined.  The  facts  which  logically  relate  to  the 
maintenance  structure  will  be  focused  upon. 

Another  assumption  made  will  be  that  the  cost  of 
converting  to  a  dispersed  maintenance  concept  is  a  realized 
savings  of  centralization.  The  PACAF  cost  figures  focus  upon 
the  cost  of  conversion  to  a  dispersed  concept. 
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Th«  fln*l  ASMunptlon  Md*  la  that  winga  with  organic 
Intarn^diata  nalntananca  will  daploy  aa  unita.  Tha  only 
angina  auppoct  availabla  will  ba  that  which  ia  availabla  at 
tha  wing.  In  aaaanca*  no  othar  wing  will  ba  abla  to  offar 
lataral  aupport  within  a  thaatar. 

Datifiitiona 


To  aid  tha  raadar  in  undaratanding  thia  atudy#  tha 
following  dafinitiona  ara  offarad: 

1.  Maintananca:  Tha  act  or  procaaa  of  kaaping  natarial  in 
a  aarvicaabla  condition  or  raatoring  it  to  that 
condition  whan  it  faila  or  nalfunctiona. 

2.  Maintananca  Concapt:  Tha  ovarall  rapair  and  logiatlca 
aupport  daaignad  to  aaat  oparational  raquirananta. 

3.  Intagratad  Logiatica  Support:  Tha  procaaa  of 
idantifying  and  aaaaaalng  logiatica  aupport 
altarnativaa:  intagrataa  aupport  alaaanta  to  inplanant 
coaibat  aupport  doctrlna. 

4.  Organiaational  (Organic)  Maintananca:  A  laval  of 
■aintananca  which  prinarily  iaolataa  dafactiva 
conponanta  and  providaa  diract  aarvlcing  to  aircraft. 

5.  Intamadlata  (Piald)  Maintananca:  K  laval  of 
aaintananca  which  norvally  raqulraa  apacialiaad 
aquipnant  or  raqulraa  componant  rapair  capability. 

€.  Dapot  Maintananca  :  A  laval  of  maintananca  parformad  by 
APLC  contract  dapota.  Moat  major  modif icationa  and 
rapaira  ara  conv^uctad  at  thia  laval. 

7.  Cantralizad  Intarmadiata  Rapair  Facility  (CIRF):  Singla 
intarmadiata  rapair  facility  which  aarvaa  savaral  baaaa 
or  waapon  ayatama  within  a  dafinad  ragion. 

8.  Pacific  Logiatica  Support  Cantar:  Cantralizad 
Intarmadiata  Rapair  facility  locatad  at  Kadana  Air  Baaa/ 
Okinawa  which  aarvaa  all  PACAF  flying  unita. 

9.  Comprahanaiva  Sngina  Managamant  Systama  (GEMS):  A 
managamant  ayatam  which  collacta  and  monitora  jat  angina 
rapair  atatua  for  AFLC. 
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10.  J«t  Kn$|in«  N«na9«ii«nt  Sinulator  (JBNS)t  Rc«dln«»a 

asaaaanantf  Nont*  Carlo*  ainulation  »od«l  dovolopad  by 
APLC/XRSN. 

Su— arv 

Thia  initial  chaptar  haa  praaantad  tha  background  of 
Mlntananca  planning  and  ita  inpact  upon  rapair  capability. 
In  addition*  tha  purpoaa  of  thia  atudy  along  with  ita 
liaitationa*  aaaunptiona*  and  dafinitiona  vara  praaantad. 
Tha  following  chaptar  providaa  a  raviaw  of  tha  unclaaaifiad 
raaaarch  litaratura. 
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XI.  r«tur»  R«vi*v 


Chapf  g  Oygvl<v 

This  chitptpg  g«vl«wa  th«  unclassiflpd  lit«ratug* 
concpgning  C«ntr«llt«d  Xnt«gn«di«t*  H«intpn«ncp.  Th« 
chaptpg  bpgina  wlti  tha  hlatogical  ogigina  of  tha 
altagnativa  naintananea  concapt  and  than  tgacaa  Ita 
davalopnant  within  PACAP.  Raaaagch  atudiaa  conductad  by  tha 
Rand  Corpogation  aaaaaa  tha  viability  of  tha  concapt  and 
latar  naaauca  its  auccaaa  within  PACAP.  Pinally*  a  atudy 
conductad  in  aarly  1987  by  PACAP  providaa  curgant  outlooka 
on  tha  naintananca  atcatagy. 

Backqgound 

Tha  theoretical  origins  of  the  Centralised  Internadiata 
Logistics  Concapt  (CILC)  data  back  into  tha  lata  1960 's. 
During  tha  Viatnan  conflict  tha  concapt  was  briafly  tastad 
for  F~4  aircraft.  Tha  briaf  studias  showad  tha  concapt  had 
soma  nagativa  aspacts  and  would  raquira  axtansiva 
inprovanants  in  cominand  and  control  structures  (28:2-4). 
Logistics  studias  during  tha  nid  1970 's  ra-axaminad  tha  CILC 
concapt  and  proposed  further  tasting  to  evaluate  its 
potential  narits. 
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Hiatorical  Origins 


Tha  thaoratical  davelopment  of  tha  CILC  concapt 
accalaratad  during  tha  mid  1970*8  during  tha  Air  Forca'a 
Naintananca  Poatura  Improvamant  Program.  Thla  rcaaarch 
study  waa  taakad- with  avaluating  altarnativa  maintenance 
structuraa.  Tha  CILC  is  an  alternative  logistics  support 
structure  which  has  two  main  elements.  Tha  first  ia  a 
Centralized  Intermediate  Repair  Facility  (CIRF)  which 
repairs  avionics*  engines*  and  performs  limited  field 
maintenance.  The  other  element  in  the  CILC  concept  la  the 
Forward  Operating  Locations  (FOLs)  which  perform  flight- 
line-only  maintenance.  Some  small  amount  of  intermediate  or 
"bench**  repair  remains  at  the  FOLs  but  the  bulk  of  "off 
equipment"  (intermediate)  maintenance  is  performed. at  the 
CIRF. 

An  additional  element  of  the  CILC  is  referred  to  as  an 
Inventory  Control  Point.  This  aspect  of  CILC  provides  asset 
visibility  and  enhances  a  theater  commander's  ability  to 
make  responsive  resource  allocation  decisions  (3:2). 

Classified  Studies 

The  Air  Force  conducted  several  studies  during  the  1980- 
1983  time  frame  which  focused  upon  comparing  centralized 
intermediate  maintenance  versus  on-base  intermediate  level 
maintenance.  The  classified  summary  report  of  these  studies 
was  published  in  1983  and  remains  classified.  In  an  effort 
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to  avoid  administrative  delays  and  allow  unlimited 
distribution  of  this  study#  the  author  chose  to  use  only 
unclassified  sources.  Any  "real  world"  analysis#  conducted 
for  actual  employment  decisions  would  need  to  refer  to  these 
classified  sources. 


CILC  Develooment 


The  Maintenance  Posture  Improvement  Program  examined 
several  alternative  maintenance  concepts  and  operating 
structures.  The  program  sought  to  identify  strategies  which 
achieved  improved  mission  capabilities  while  simultaneously 
reducing  costs.  At  that  time#  logistics  planners  were 
becoming  concerned  over  the  growing  cost  of  maintenance 
support.  In  addition  to  the  acceleration  in  maintenance 
costs#  the  planners  were  concerned  about  the  manner  in  which 
costs  were  increasing.  Approximately  66%  of  the  maintenance 
costs  were  being  incurred  at  the  field  or  unit  level  (28:2). 
If  a  strategy  or  concept  could  be  designed  which  met  mission 
needs  and  reduced  unit's  repair  costs#  its  impact  would  be 
substantial.  This  focus  upon  cost^reduction  provided  CILC 
its  initial  impetus  (33:11-12). 

As  the  Maintenance  Posture  Improvement  Program 
progressed#  additional  areas  of  interest  began  to  develop. 

As  the  study  group  examined  CILC  as  an  overall  strategy#  its 
focus  was  shifting  from  cost  reduction  towards  force 
effectiveness.  Among  the  effectiveness  improvements  noted 
were  improved  mobility#  increased  sortie  production# 
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inprovttd  survivability/  and  enhanced  resource  management. 

The  studies  suggested  that  centralized  support  achieved 
higher  mission  capabilities  at  reduced  costs. 

Centralization  improved  technical  proficiencies/ 
concentrated  production  management/  combined  spares/  and 
contributed  to  improved  reliability.  These  improvements 
would  theoretically  improve  efficiency/  reduce  manpower/ 
spares/  and  support  equipment  needs.  The  Inventory  Control 
Point  (ICP)  would  improve  supply  distribution  and 
responsiveness. 

Critical  to  the  CILC  strategy  was  locating  the  CIRF  at  a 
secure  "safe  haven"-.  The  CIRF  would  be  located  away  from 
hostile  environments  to  reduce  vulnerability  and  provide 
added  protection  to  scarce  repair  assets  (3:10-15). 

Maintenance  Functions 

To  provide  the  needed  detail/  the  maintenance  functions 
were  divided  into  avionics  systems/  engines/  aerospace 
ground  equipment/  and  actual  aircraft  ("on  equipment") 
items.  Unique  aspects  of  these  different  maintenance 
activities  required  this  approach.  Each  maintenance 
activity  was  examined  for  potential  cost  savings/  mission 
capabilities/  and  reduced  vulnerability.  The  cost  savings 
were  not  to  be  gained  from  reduced  capabilities  but  from 
improved  efficiency  (16:1-3). 


Economic  As8»aain«nts 

Th«  principal  thaoratical  coat  savings  achieved  through 
centralized  intermediate  repair  involved  manpower/  support 
equipment/  and  facilities.  Additional  costs  would  be  gained 
in  spares  and  transportation.  From  the  mid  70*8  studies/  it 
is  important  to  note  that  P-4* a  were  the  primary  tactical 
fighters.  The  results  of  the  Rand  studies  focused  upon  F-4 
units.  Exercises  conducted  in  PACAF  and  USAFE  estimated  the 
cost  Impact  in  implementing  a  centralized  structure. 

Analysts  interviewed  shop  chiefs  and  used  queueing  models  to 
validate  the  manpower  results.  The  following  table 
summarizes  the  cost  impacts  of  centralization. 

SUMMARY  FOR  PEACETIME  CILC 


USAFE 

TAC 

PACAF  TOTAL 

MANPOWER  SAVED 

556 

771 

35  1362 

PERSONNEL  REMOVED  FROM 
.  COMBAT  0L8 

1800 

120  1920 

BENCH  SETS 

ADEQUATE 

SOME  BENCH  EQUIP  IN  LONG 
SUPPLY  (ONE  TIME) 

$15-13 

STOCKAGE  COST  (ONE  TIME) 

$16 

TRANSPORTATION  COST 
(ANNUAL) 

$0.6— 0.7 

0.5-1. 6 

0.6-1. 4  2-3 

FACILITIES  COST 

$1-2 

0.25 

0.12  1.3-2. 4 

(ONE  TIME) 


♦♦COSTS  IN  MILLIONS 


This  summary  chart  raprasanted  tha  bottom  line  rasults 
of  datailad  calculations  parformad  by  Rand.  The  analysts 
fait  tha  rasults  raprasanted  conservative  estimates  of 
potential  savings.  For  the  above  figures  it  was  estimated 
there  would  be  two  CIRFs  in  USAFE«  two  within  Tactical  Air 
Command  (TAC)/  and  one  in  PACAF.  The  inventory  of  F-4's 
ware  divided  into:  480  in  USAFE/  776  in  TACf  and  150  in 
PACAF  (3:7). 

The  term  bench  sets  used  in  the  table  represents  the 
minimum  amount  of  support  equipment  (across  all  shops) 
needed  to  support  a  squadron.  All  the  available  bench  sets 
would  not  be  needed  for  peacetime  operations  under  a 
centralized  concept.  The  table  shows  the  cost  of  the 
excessive  bench  sets  equal  to  between  $15  and  $18  million. 

The  additional  spares  required  for  the  Increased  repair 
cycle  were  estimated  at  $16  million.  The  additional  time 
required  to  transport  assets  to  and  from  the  CIRF  creates 
the  need  for  increased  spares.  The  transportation  and 
facility  cost  estimates  were  provided  by  the  commands. 
Transportation  costs  were  estimated  per  year  and  the 
facility  costs  are  conversion  costs.  For  example/  it  cost 
PACAF  $120/000  to  transform  facilities  at  Kadeha  AB  for  its 
CIRF  operations  (3:10-12). 

Factors  Impacting  CILC 

The  multiple  factors  which  impact  logistics  support 
create  ramifications  for  centralization.  The  trade-off  of 
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spactta  for  nanpowar  limits  the  local  commander's 
flexibility.  By  removing  bench  repair  from  the  wing#  the 
commander  loses  direct  control  over  that  repair  capability. 
Ideally f  the  additional  spares  should  compensate #  but  people 
are  more  flexible  than  parts.  Other  pertinent  facts  are 
that  centralization  should  allow  more  remove  and  replace 
(RR)  actions  compared  to  remove «  repair#  and  replace  (RRR) 
actions.  This  factor  should  improve  aircraft  availability 
and  make  the  flight  line  more  self-sufficient. 

Other  factors  mentioned  within  the  Rand  studies  .were  the 
savings  in  airlift  requirements#  maintaining  peacetime 
structure  in  combat#  and  minimizing  the  time  required  to 
transition  to  war.  With  CiRFs  pre-positioned  within 
potential  theaters#  the  infrastructure  and  repair  capability 
exists  from  the  very  beginning  of  hostilities  (3:10-12). 

Maintenance  Concept 

The  Maintenance  Posture  Improvement  group  cited 
increased  RR  actions  at  the  wings  as  being  positive  for 
aircraft  availability.  Lengthy  repair  actions  would  be 
avoided#  provided  that  space  parts  were  sufficient. 

Improved  diagnostic  systems  would  allow  maintenance 
personnel  to  rapidly  Identify  failed  components.  The  CIRFs 
would  be  production  oriented.  The  specialized  nature  of  the 
intermediate  tasks  required  skill  proficiencies  not  readily 
available  at  some  remote  locations.  The  one  year  tour 
cycles  often  depleted  skilled  technicians  and  caused 
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turbulcnc*.  Tht  c«ntraliz«d  concept  also  advocated  the 
gradual  growth  in  CIRF  repair  actions.  Repairs  normally 
accomplished  within  the  United  States  could  be  transferred 
to  the  ClRFs  to  reduce  turnaround  times  and  improve  CIRF 
productivity  (14:9). 

PACAF  Implementation 

The  results  of  the  theoretical  studies  mandated  the 
"real  world"  testing  for  CILC.  Environmental  factors  within 
PACAF  targeted  it  for  testing.  The  two  bases  located  in 
Korea  were  perceived  to  be  highly  vulnerable  and  their 
remote  locations  created  continuous  turnover  in  manpower. 

The  manpower  problem  was  cited  by  retired  Major  General  Jack 
Waters  as  being  key  to  the  ultimate  implementation  of  CILC 
(34).  The  phaaed-in  field  test  began  in  October/  1975.  In 
March  of  1977/  members  of  a  study  team  evaluated  its 
effectiveness  within  PACAF. 

PACAF  Studies 

The  principal  reason  cited  in  the  field  studies  for  CILC 
was  wartime  capability.  The  study  concluded  that  CILC 
allowed  PACAF  to  transition  easily  to  war/  increased  sortie 
rates/  improved  supply  control/  and  decreased  vulnerability. 
The  field  studies  focused  upon  four  wings  of  F-4  aircraft 
and  compared  pre-CILC  performance  to  the  post-CILC 
performance.  Major  hypotheses  which  were  evaluated  were 
increased  Remove  and  Replace  (RR)  actions  and  fewer  Remove/ 
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Repair#  and  Raplaca  (RRR)  actions#  Improvad  malntananca 
quality#  and  improvad  supply  results .  The  experimental 
design  compared  maintenance  performance  results  for  the  six 
months  preceding  ClRP'a  implementation  to  the  six  months 
following  its  installation  (5:7-10). 

Performance  Results 

The  Rand  Corporation  conducted  the  first  studies  where 
actual  "real  world"  performance  was  evaluated  under  a 
centralized  concept.  Among  the  findings  were  an  increase  in 
remove  and  replace  (RR)  actions.  Obviously  the  transfer  of 
intermediate  maintenance  to  th  .  RP  mandated  this  increase. 
The  amount  of  increase  in  RR  actions  varied  by  the  bases 
ar wording  to  the  stocking  positions.  The  Korean  bases  at 
Kunsan  AB  and  Oaan  AB  reduced  RRR  actions  by  48  and  51 
srcent.  Kadena  AB  in  Japan  and  Clark  AB  in  the  Philippines 
1  reductions  of  24  and  28  percent  (5:15-16).  Clark  and 
Kadena  had  smaller  quantities  of  replacement  components  on 
hattw.  The  RRR  rates  remained  below  the  pre-CILC  levels 
throughout  the  examination  periods.  The  study  mentioned  the 
dichotomy  of  feelings  from  maintenance  managers  about  RR 
versus  RRR  maintenance.  Host  managers  felt  more  secure  with 
local  intermediate  repair  being  immediately  available. 

In  essence#  the  flexibility  offered  by  manpower  is 
greatly  preferred  over  additional  spare  parts  (20:9-11). 

The  Rand  study  suggested  that  RR  actions  would  enable  PACAP 
to  achieve  higher  aircraft  availability  rates.  In  fact  the 


Availability  rataa  inctaasad  by  6  and  23  parcant  at  Kunaan 
AB  and  Oaan  AB.  At  Kadana*  tha  availability  rataa  daclinad 
toe  all  airframaa.  During  thia  tina  frama^  Kadana  waa 
Incraaaing  ita  P-4D  flaat  whila  dacraaaing  ita  numbar  of 
P-4Ca.  Thia  changa  in  Kadana* a  airfranaa  complicataa  a 
coaparativa  analyaia  (5:11). 

Manpowar  Savinqa 

Tha  analyaia  of  PACAF  aanpowar  racorda  ravaalad  that 
only  27  poaitiona  vara  aavad  aa  a  raault  of  inplananting 
CILC.  Tha  atudy  attributaa  tha  amaM  raductiona  to  tha  fact 
that  F-4  angina  maintananca  had  pravioualy  baan  conaolidatad 
at  Kunaan  for  both  Koraan  winga.  Tha  primary  manpowar 
impact  waa  that  the  annual  numbar  of  remote  toura  required 
in  Korea  waa  reduced  by  130  man.  Tha  relocation  of  thaaa 
130  maintananca  alota  to  Kadana  would  allow  atabilizad  three 
year  toura  and  reduce  manpowar  turnover  (5:17). 

Improved  Reliability 

In  addition  to  improved  raadineaa  rataa  in  Korea  and 
decreased  abort  toura#  the  maintenance  data  suggested  that 
the  time  between  maintenance  actions  waa  incraaaing.  The 
Rand  atudy  suggested  that  assembly  line  production  methods 
were  enhancing  the  quality  of  maintenance  being  performed. 
The  increased  time  between  maintenance  actions  for  CIRF 
items  resulted  in  a  42%  reduction  in  man>hours  by  the  FOLs 
per  sortie  (5:19).  In  essence#  the  CIRF  allowed  the  wings' 
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maintMAnc*  p«rsonn«l  to  d«vot«  nor*  tin*  and  attontlon  to 
on<-*qulpn*nt  actions.  Thia  focus  on  flight-lin*  naintananc* 
InprovAd  Borti*  production. 

Givan  th*  positiv*  rasults  of  thas*  aarly  studios #  PACAF 
•lactad  to  naintain  th*  CILC  structur*.  Tha  pr inary  raasons 
for  its  adoption  war*  tha  p*rc*i\*ad  thraat  to  th*  Koraan 
basasf  raduction  in  ranot*  tours  to  Koraa#  and  tha  positiv* 
inpact  on  paac*  and  war  oparating  capabilitias.  PACAP  fait 
cost  was  a  sacondary  factor.  In  fact*  nany  of  tha  officars 
intarviawadf  suggastad  that  tha  CIRF  was  astabliahad  baaad 
upon  its  wart in*  narits.  Hr.  Barratt#  fron  haadquartora 
PACAF#  who  has  sarvad  on  tha  logistics  staff  during  tha 
antira  pariod/  statad  that  tha  "CIRF  was  an  intagratad 
logistics  concapt  daaignad  to  naat  both  peacetin*  and 
wartim*  demands*  (2).  Tha  naintananc*  structure  ramainad  in 
placa  until  lata  1986.  At  that  tima«  changes  in  the 
parcaivad  vvlnarability  to  Kadana  made  PACAF  ra-avaluata  its 
naintananca  structure.  Based  upon  new  basing  locations  for 
Soviet  Bear  bombers /  PACAF  decided  that  centralizing  all  its 
intermediate  repair  assets  in  one  location  was  too  risky. 

The  decision  was  made  to  disperse  intermediate  repair  back 
to  the  individual  bases. 

One  may  ask  about  the  remaining  vulnerability  to  the 
Korean  bases.  In  essence#  it  narrows  down  to  having  several 
targets  instead  of  one  centralized  facility.  This  study 
renains  unclassified#  so  the  exact  vulnerability  studies 
were  not  reviewed.  Survivability  remains  a  key  measure  of 
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WACtim*  •ffActivvnvsA  And  its  considACAtion  InpACtA  All 
lo9istics  strAtAgiAS.  Thin  cAAAArch  AcknovlAdgAA  this 
Ahortcoalngf  And  AttABptA  to  maIca  QAnAtAl  obSArvAtlons 
eoncArning  vulnArAbllitiAs.  ThA  AxlatAncA  of  sACuro  llnAS 
of  coiAnuniCAtionf  trAnaportAtion*  And  connAnd  And  control  la 
vital  to  cantrAllsAd  IntArnAdlAtA  BAintAnancA. 

CurrAnf  PACAF  Outlook 

In  AArly  1987#  thon  Brigadlor  GonAral  Joaoph  Splara 
taakad  PACAF  aganclAa  to  ra^AvaluAtA  tha  CILC  atratagy  which 
waa  by  than  rafarrad  to  aa  tha  Pacific  Logiatlca  Support 
Cantor.  Tha  original  CIRP  at  Kadana  had  boon  augnantad  . 
through  tha  yaara  and  now  includad  a  aa^ll  dapot  rapalr 
cantor  known  aa  tha  Support  Cantor  for  tha  Pacific  (SCP). 
Conaaquantly  tha  CIRP  ia  known  today  aa  tha  Pacific  Logistic 
Support  Cantor  (PLSC). 

The  aaslgnod  study  addrossod  tha  positiva  and  nogativa 
aspacts  of  contralisod  intormadiata  naintananca  varsus 
disporsad  intormadiata  maintananca. 

Positiva  Impacts  (1987) 

Among  tha  pros  for  contralizao  intarmadlato  maintananca 
wars  tha  following: 

1}  Cantralizad  managamant  of  sparas  and  push 
distribution  allows  parts  to  b«  pushad  to  tha  unit  with 
tha  graatast  naad. 

2)  Cc'>location  with  AFLC's  Support  Canter  produces 
synergy  and  raducas  the  number  of  items  returned  to  the 
U.S.  for  repair. 
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3)  PLSC  stryM  «•  t  strong*  eontrslisod  point  of 
contsct  for  JVPTO  135  aubnisalons  which  allova 
intarnadiata  naintananea  to  ba  anhancad. 

4)  PLSC  providaa  intaraa  lata  support  for  deploying 
units*  Units  don't  hava  to  s  on  airlift  for 
intaraadiata  support. 

5)  PLSC  allows  oparations  to  ba  tha  saaa  in  war  or 
paaca.  Units  don't  hava  to  oparata  without  intaraadiata 
support  for  tha  noraal  30  days. 

S)  Plaxibla  pipalina  can  support  any  daployad 
location  allowing  aaaiar  ralocation  of  units. 

7)  Parsonnal  banafit  froa  long  stable  tours  at 
Kadana  allowing  battar  training  and  job  continuity 
versus  short  tours  in  Koras. 

a)  Industrial  aconoaias  of  scale  allow  cross* 
cannibalisation  batwaan  support  aquipaant  and  provide 
back-up  options*  For  axaapla  a  Rand  study  indicates  two 
P-15  RlS's  (avionics  Xntataadiata  Sets)  operating 
together  can  support  50  sorties  par  day.  Indapandantly 
they  support  only  28  sorties.  (27:10-11) 


These  currant  pros  for  centralised  intaraadiata 
aaintananca  parallel  aany  of  those  aantionad  earlier.  Tha 
axparianca  of  PACAF  has  bean  that  centralisation  provides 
both  pro  and  con  results.  Their  overriding  concern  about 
survivability  dictated  their  decision  to  decentralise. 

Given  tha  existence  of  a  secure  "safe  haven"*  PACAF 
apparently  would  hava  bean  content  with  centralised 
naintanance.  Tha  cost  differential  between  the  concepts  is 
becoming  more  pronounced.  Rising  costs  in  manpower*  spares* 
and  support  equipment  limit  funding  and  the  ability  of  the 
Air  Force  to  sustain  combat  capability.  PACAF  also  examined 
the  negative  aspects  of  centralisation. 
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List«4  AMong  th«  n•9«tiv••  in  th«  1987  study  usrt  ths 
following: 

1)  Addod  pipolino  osta  up  parta  with  transportation 
and  procaaaing  tins. 

2)  Tha  PLSC  is  lass  raaponaiva  dua  to  pipalina 
tiaaa  and  lass  viaibla  and  aanaitiva  to  uniqua  unit 
raquirananta.  Unit  raintananca  co— andara  would  ba  nora 
likaly  to  uaa  ovartiaM  and  aurga  intaraadiata 
aaintananca  production. 

3)  PLSC  raquiras  incraaaad  aanagaaant  attantion. 
Units  auat  daal  with  an  addad  axtarnal  agancy  to  rasolva 
support  problaaa. 

4)  Uniqua  natura  of  PLSC  within  tha  Air  Porca 
coaplicataa  Mobility  planning  for  TAC  units.  TAC  units 
Must  dasign  uniqua  Mobility  packagas  for  PACAP 
daployaanta. 

5)  Lina  raplacaabla  units  (LRUs)  Must  ba  shippad 
froM  units  to  PLSC  for  Tiaa  Conplianca  Tachnieal  Ordars 
(TCTOs).  This  incraasas  iMplasantation  tiaas  and 
craatas  Managaaant  problaas. 

6)  PLSC  dapands  upon  sacura  rallabla  transportation 
to  parforn  its  Mission.  If  that  transportation  syatam 
is  hindarad  or  linitad  during  war#  tha  PLSC's 

af factivanass  falls.  (27:11) 


Thasa  nagatlva  rasults  of  cantralisation  mitigata  tha 
posltiva  rasults.  Tha  conplaxity  of  tha  issua  touches  upon 
Many  areas.  Logistics  support#  by  its  natura  includes  many 
different  vaciablas  which  all  iMpact  upon  a  unit's 
capability.  PACAP  initially  studied  and  later  inplaaantad  a 
cantralixad  structure  for  intarMadiata  repair.  Tha 
parforMsnea  rasults  generally  ware  posltiva#  but  to  soma 
extant  vara  inconclusiva.  This  study  attampts  to  assess  tha 
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mission  cspsbility  voci^us  ths  cost  of  tho  two  structures. 
This  bslsncing  of  espsbility  s9sinst  cost  is  difficult  to 
seoosplish.  Current  end  future  fiscel  realities  dictate 
that  the  Air  Force  tackle  this  balancing  act. 

This  chapter  reviewed  the  historical  orgina  of 
Centralised  Intermediate  Haintenance  and  presented  past  and 
present  results  of  the  logistics  strategy.  Current  PACAP 
outlooks  on  ita  experience  with  the  maintenance  concept  were 
shared  along  with  PACAF'a  rationale  for  abandoning  the 
concept.  The  following  chapter  describes  the  research 
methodology. 
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Ill .  Methodology 

Chapter  Overview 

This  chapter  describes  the  research  methodology 
undertaken  to  accomplish  the  research  objectives.  First/  a 
review  of  the  research  questions  raised  in  Chapter  1  are 
presented.  Then  the  rationale  and  incentive  for  utilizing 
computer  simulation  is.  given.  Further/  a  description  and 
explanation  of  the  Jet  Engine  Maintenance  Simulator  (JEMS) 
model  is  provided.  Finally/  the  data  colle<jtion  method  for 
maintenance  costs  is  presented  and  the  method  of  comparing 
costs  is  detailed. 

Research  Objectives 

The  primary  objective  of  this  study  is  to  measure  the 
impact  of  maintenance  structure  upon  combat  capability.  The 
focus  is  specifically  upon  intermediate  level  maintenance. 
What  additional  capability  does  organ. c/  co~located 
intermediate  level  maintenance  provide  a  unit?  How  much 
does  this  additional  capability  cost  compared  to  a 
centralized  intermediate  structure?  The  multiple  factors 
which  impact  maintenance  support  performance  present  many 
problems  in  designing  a  research  design.  The  direct  impact 
of  factors-  such  as  supply  policies/  personnel  proficiency/ 
and  mission  assignments  all  impact  maintenance  performance. 
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To  gain  maximum  control  ovar  the  research  environment »  the 
use  of  computer  simulation  was  selected.  Banks  and  Carson 
state  that  simulation  is  an  appropriate  methodology  to  use 
when  experimenting  with  alternative  structures  (1:4).  The 
main  advantage  of  simulation  models  is  their  ability  to 
capture  the  interaction  effects  of  elements  of  a  system  and 
display  it  as  a  measure  of  performance.  Therefore#  if  two 
alternative  maintenance  structures  are  available#  simulation 
may  be  used  to  test  their  performance  under  varying 
conditions  such  as  repair  times#  resources  available#  and 
transportation  times.  The  simulation  model  can  account  for 
these  varying  conditions  and  record  performance  in  the  form 
of  a  performance  measure.  If  the  characteristics  of  the 
system  are  accurately  captured  by  the  model#  the  performance 
factors  generated  should  be  accurate  estimators  of  system 
performance. 

To  enhance  the  credibility  of  the  simulation  effort#  the 
author  chose  an  existing  AFLC  model  which  had  been 
previously  validated.  To  futther  enhance  the  chances  of 
successful  replication#  "real  world”  quantities  of 
maintenance  resources#  spare  engines#  and  flying  hours  were 
collected  to  initialize  the  model  with  present  F16  engine 
factors.  The  engine  data  on  General  Electric  (GB)  FllO 
engines  was  readily  available  and  detailed  to  the  degree 
required  by  the  JEMS  model. 

The  implicit  assumption  made  is  that  F16  Jet  Engine 
Intermediate  Maintenance  (JEIM)  is  representative  of 
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lnt*rn«dlat«  laval  malntananca.  Tha  JENS  model  is 
spaclfically  dasignad  to  allow  Air  Force  managers  the 
ability  to  aaaess  alternative  maintenance  concepts. 

Jet  Engine  Maintenance  Simulator 

JENS  is  a  Monte  Carlo  simulation  model  that  is  used  by 
aircraft  engine  managers  and  analysts  to  relate  engine 
logistics  support  to  aircraft  availability  and  other 
measures  of  mission  accomplishment.  The  model  tracks,  the 
removal/  transportation#  resupply#  and  repair  actions 
required  to  provide  logistics  support  for  propulsion 
engines.  The  user  can  design  a  specific  flying  hour 
scenario  and  build  a  variety  of  alternative  support 
structures.  The  Monte  Carlo  nature  of  the  model  results  in 
some  variability  in  results  due-  to  stochastic  events 
triggered  by  the  use  of  random  number  streams.  This 
variability  requires  the  averaging  of  results  from  several 
simulation  runs.  From  the  previous  experience  of  the 
Management  Sciences  Division  at  AFLC#  the  author  chose  to 
run  JEMS  and  average  the  results  of  five  runs.  For  this 
study#  a  comparison  will  be  made  between  centralized 
intermediate  repair  ("Queen  Bee  Structure")  and  collocated 
organic  intermediate  repair.  The  output  of  the  model 
provides  the  number  of  available  aircraft  (based  solely  upon 
an  Installed  serviceable  engine)  and  gives  utilization 
statistics  about  the  various  maintenance  resources.  JEMS 
also  outputs  a  table  for  specified  days  to  show  where  the 
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•n^lnvs  ar«  in  th«  pip«lln«  and  whaca  maintananca  backlogs 
tea  occurring  (21:l'-3). 

Critical  to  this  study  is  tha  ability  of  JEMS  to  placa 
JEIN  at  aithar  a  Main  Oparating  Basa  (MOB)  or  a  Forward 
Oparating  Location  (FOL).  This  flaxibility  allowad  the 
author  to  directly  compare  a  oantralized  JEIM  maintenance 
concept  to  an  organic  JEIM  concept.  The  principle  measure 
of  effectiveness  will  be  aircraft  availability.  Later/  tha 
secondary  considerations  of  cost  and  efficiency  will  be 
compared  between  the  two  maintanance  concepts. 

Research  Design 

Tha  experience  of  PACAF  in  utilizing  centralized  JEIM 
provided  an  opportunity  to  explore  its  impact  and  its 
potential  use  in  other  locations.  The  author  chose  to 
compare  the  potential  mission  capabilities  of  two  F16  PACAF 
vinqs  with  two  F16  USAFE  wings.  Originally/  the  author 
hoped  to  use  JEMS  for  modeling  the  GE  FllO  engine  and  a 
modular  version  of  JEMS  to  compare  Pratt  and  Whitney  (PW) 
FlOO  engines.  Time  constraints  and  the  need  for  a  more  in- 
depth  analysis  of  the  simulation  results  prevented  the  FlOO 
simulations.  Currently/  the  F16  wings  chosen  for 
consideration  have  transitioned  to  the  GE  FllO  engine.  The 
use  of  the  FllO  engines  at  these  locations  and  the 
availability  of  the  Comprehensive  Engine  Management  System 
(CEMS)  data  '^ade  the  research  choice,  logical  and  realistic. 
The  F16  wings  chosen  were  Misawa  Air  Base  (AB)/  Japan  and 


KunaiAn  khi  Koc*a  in  PACAP.  in  th«  European  theater  (USAFE)/ 
the  choaen  wings  were  Ramatein  AB/  Germany  and  Torre jon  AB/ 
Spain.  During  the  early  stages  of  this  research/  Kunsan  and 
Torrejon  were  In  the  process  of  conversion  to  GE  FllO 
engines  from  PW  FIDO  engines.  Consequently/  the  Initial 
quantity  of  spare  FllO  engines  was  unusually  high  and  the 
author  chose  to  assume  that  both  wings  were  fully 
operational  with  FllO  engines.  The  quantity  of  spare  FllO 
engines  was  adjusted  to  reflect  the  "planned"  spares  levels 
after  completing  the  transition  to  FllO.  engines. 

The  complex  reality  was  that  Kunsan  AB  and  Torrejon  AB 
had  a  mixture  of  FlOO  and  FllO  engines  installed  in  its 
aircraft.  To  utilize  JENS/  only  one  type  engine  could  be 
present.  Therefore/  the  assumption  was  made  that  all  wings 
only  had  FllO  engines  installed.  By  August  of  1988/  all  the 
wings  had  completed  conversion  to  FllO  engines  and  only  a 
small  remnant  of  FlOO  engines  remained. 

Input  Data 

Available  sources  at  AFLC  provided  the  required  input 
data  for  JENS.  Among  the  other  sources  were  the  F16  Systems 
Program  Office  (SPO)/  FllO  SPO/  and  PACAF  headquarters.  The 
nature  of  the  study  dictated  the  adoption  of  a  case  study 
approach.  Since  PACAF  alone  had  operated  under  a 
centralized  intermediate  structure/  PACAF  was  the  primary 
source  for  data.  During  the  early  stagei.  of  research/  the 
author  met  several  people  who  had  served  in  PACAF  during  the 
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op«r«ti‘?n  of  th«  CIRF.  Tho  ua«  of  unstcucturod  intorvlovs 
with  many  of  thos*  Indlvlduala#  broadanad  the  author's 
background.  Anong  thoaa  Intacvlawad  waca  Major  Ganaral 
Joaaph  Spiara  who  aarvad  aa  tha  Loglatlca  Chief  when  the 
daciaion  to  dacantraliaa  intarnadiata  maintananca  was  nada. 
Also  intarviawad  ware  retired  Major  Ganaral  Jack  Waters  who 
helped  establish  tha  CIRF#  and  retired  Colonel  Wayne  Rosholt 
who  served  as  tha  CIRF's  commander.  The  positions  held  by 
these  individuals  made  them  wall  qualified  to  comment  on  the 
past  and  present  performance  of  the  CIRF.  In  addition  to 
these#  there  were  five  maintenance  officers  who  served  in 
PACAF  who  were  questioned  about  the  operation  of  tha  CIRF. 
The  specific  focus  of  these  interviews  was  upon  our  research 
questions.  How  did  tha  centralisation  of  intermediate 
repair  impact  PACAF?  Did  the  Air  Force  save  money?  Was 
peacetime  combat  capability  impacted?  Appendix  C  lists  the 
questions  asked  during  these  unstructured  Interviews.  These 
interviews  and  perceptions  about  centralized  intermediate 
maintenance  were  used  mainly  as  a  guide  to  orient  the 
simulation  effort.  Areas  such  as  transportation  times# 
aircraft  availability  rates#  supply  policies#  and  repair 
cycle  times  were  highlighted  for  further  examination  through 
the  insights  and  experiences  of  those  interviewed. 
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JEMS  Data 


Th«  JEMS  mod«l  required  e  variety  of  detailed  input  data 
about  the  choaen  F16  winga.  Among  the  needed  data  were 
peacetime  flying  hours*  spare  engine  levels*  removal 
intervals  for  PllO  engines*  repair  pipeline  times*  and 
maintenance  assets.  The  author  used  the  available 
historical  data  from  PACAF  to  design  a  hypothetical 
structure  in  USAFE  with  centralised  JEIM  located  at  Kemble 
AB  in  Great  Britain.  After  the  simulation  runs  were 
complete  for  a  centralized  structure*  an  organic  JEIM 
structure  was  modeled.  A  direct  comparison  will  be  made 
between  the  centralized  structure's  performance  and  the 
organic  structure.  What  difference*  if  any*  is  there 
between  aircraft  availability  between  centralized  engine 
support  and  collocated  organic  JEIM  support? 

The  JEMS  model  was  run  for  180  periods  for  the  following 
scenario:  1}  90  days  of  peacetime  operations*  2}  30  days 

of  wartime  operations*  and  3)  60  days  of  sustained 

operations.  The  peacetime  flying  hour  scenario  was 
initially  modelled  using  "actual”  peacetime  flying  rates. 

The  actual  monthly  flying  hours  for  the  four  wings  were 
collected  for  the  previous  eighteen  months.  The  actual 
wartime  flying  scenarios  were  classified*  so  the  author 
chose  to  set  wartime  flying  rates  at  2x  the  peacetime  rate. 
The  sustained  flying  program  was  placed  at  150%  of  the 
peacetime  flying  schedule. 
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After  teverel  initlel  aifflulatlon  runs*  it  beceme 
eppecent  that  the  given  flying  scenario  generated  little 
maintenance  activity  over  the  180  day  scenario.  Most 
likely f  the  removal  Interval  of  229  hours  uas  the  principle 
cause.  Host  fl6  aircraft  fly  approximately  45  hours  per 
month.  As  a  result  of  this  utilization#  an  aircraft  would 
only  receive  a  new  engine  every  five  months.  Since  the  229 
hour  interval  represents  official  Air  Force  projections#  it 
was  retained  In  JEMS  and  a  312.5  hour  interval  was  used  for 
the  wartime  and  surge  scenario.  The  312.5  hour  interval 
represented  the  latest  actual  data  from  March#  1988.  Recent 
problems  with  cracked  compression  blades  will  drastically 
affect  removal  rates  (19). 

In  an  effort  to  create  more  maintenance  activity#  the 
author  increased  the  flying  hour  program.  The  author 
visited  with  Hr.  Robert  Sims  of  Synergy#  Incorporated  who  is 
employed  r  a  defense  analyst.  Mr.  Sims  is  currently 
conducting  a  contract  study  for  the  Air  Force  known  as  the 
"Plateaus  Study"  which  examines  at  what  levels  of 
reliability  should  maintenance  structures  change.  The 
Synergy  study  is  examining  the  F16A  model  with  PW  FlOO 
engines.  The  sc'^'^ario  includes  two  PACAF  F16  wings  and  two 
USAFE  Fi6  wing  ' .  The  Synergy  flying  hour  program  was  input 
into  JEMS  to  compare  its  results  with  the  previous  runs. 

In  contrast  t  '  ’^he  actual  peacetime  data#  the  Synergy 
scenario  greatly  tixceeded  both  PACAF  and  USAFE  wartime 
capabilities.  To  mitigate  these  discrepancies#  the  flying 
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hour  program  was  placsd  at  an  squally  distant  point  bstwssn 
actual  psacstims  flying  ratss  and  ths  Synsrgy  study.  An 
Important  point  to  bs  mads  Is  that  both  ths  csntrallssd  JEIM 
simulation  runs  and  ths  organic  JBIN  runs  will  bs  impactsd 
ths  sams.  in  othsr  words#  both  malntsnancs  concspts  ars 
bsing  svaluatsd  undsr  Idsntlcal  flying  scsnarlos  (30). 

This  squal  tcsatmsnt  or  balancing  of  rsssarch  dsslgn  was 
maintalnsd  throughout  ths  study.  Only  thoss  varlablss  that 
change  dlrsctly  with  malntsnancs  stcucturs  were  allowed  to 
vary  during  ths  simulation  runs.  Among  those  variables  were 
transportation  times#  spars  engine  levels#  and  maintenance 
resources.  A  brief  discussion  of  these  variables  follows 
with  explanations  given  as  to  why  they  vary  directly  with 
maintenance  concepts. 

Transportation  Times 

One  of  the  primary  differences  between  organic  JEIM  and 
JEIM  at  a  centralized  facility  is  the  transportation  of 
assets  between  the  repair  facility  and  the  flying  wings.  In 
this  study#  Standard  Air  Force  Manual  (AFM)  400-1  pipeline 
times  were  used  to  establish  a  baseline  for  both  JEIM 
structures.  Since  collocated  JEIM  requires  no 
transportation  for  Intermediate  maintenance#  the  JEMS  model 
was  adjusted  to  reflect  this  reality.  For  centralized  JEIM# 
the  AFM  400-1  standard  is  four  days  transit  for  intra¬ 
theater  shipments.  The  transport  time  for  base  to  depot 
shipments  is  eight  days  for  USAFE  and  nine  days  for  PACAF 
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wings*  Ths  only  tins  sn  organic  JBin  wing  would  bs 
dspsndsnt  upon  ths  transportation  of  assats  would  bs  for 
spars  parts  and  ths  complsts  ovsrhaul  of  ths  FllO.  Ths  Air 
Fores  currsntly  plans  upon  a  dspot  rsturn  rats  of  only  ssvsn 
psrcsnt.  Only  ssvsn  psrcsnt  of  sngins  failurss  should 
ultimatsly  rsly  upon  dspot  rspair  for  ths  PllO  sngins  (7:2- 
5). 

Spars  Enqinss 

.  Ths  addsd  tins  to  ths  rspair  cycls  caussd  by  ths 
transportation  of  assets  requires  additional  spars  engines* 
In  PACAF/  AFM  400-1  allows  six  additional  spars  FllO  engines 
for  centralized  JEIH.  Under  organic  JEIH  each  wing  is 
authorized  sight  spars  engines  for  a  total  of  sixteen. 

Under  centralized  JEIM  at  Kadsna*  PACAF  was  authorized  22 
FllO  engines.  Within  USAFE«  ths  author  used  ths  same  ratios 
for  the  hypothetical  centralized  JEIN.  With  centralized 
JEIH  nine  additional  spare  engines  were  authorized  for  a 
total  of  27  engines.  More  were  present  in  USAFE  because 
Torre jon  has  three  squadrons  or  72  aircraft.  With  organic 
JEIH/  the  two  USAFE  bases  had  eight  spare  engines  at 
Ramstein  and  ten  at  Torre jon.  These  spare  engine  levels 
were  input  to  ths  JEMS  model  according  to  the  given 
scenario.  Real  world  GEMS  data  reflected  the  actual  number 
of  spare  engines.  If  shortages  were  present#  they  were 
adjusted  upwards  to  reflect  the  AFM  400-1  engine 
requirements.  After  establishing  the  baseline  results# 
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furthttc  runs  vsrs  acconpllshsd  to  ssssurs  ths  inpact  of 
dlffsrsnt  spars  sn9inss  Isvsls. 

Wstntsnsncs  Rssourcss 

h  principal  argunsnt  in  support  of  csntralising 
intsriasdiats  repair  is  inprovsd  sfiicisncy  and  rsducsd  costs 
(3:4-!S}.  To  reflect  this  position#  the  initial  JEMS  runs 
placed  fewer  naintenance  crews#  test  cells#  rollstands#  and 
hardstands  at  the  central  repair  facility.  After  a  few 
Initial  runs#  it  became  clear  that  manpower  was  the 
principle  bottleneck.  To  provide  balance  to  the  subsequent 
runs#  the  maintenance  resources  were  made  equal  for  both 
structures.  The  principle  difference  was  the  transportation 
time.  Did  the  additional  spares  compensate  for  the 
transportation  time?  Nhat  are  the  differences#  between  peace 
and  war?  The  results  of  these  questions  will  be  presented 
in  the  following  chapter. 

Statistical  Testing 

To  evaluate  aircraft  availability  as  a  measure  of 
effectiveness  (MOE)#  the  Z  statistic  will  be  used.  The 
average  availability  of  aircraft  ready  for  peace#  war#  and 
sustained  operations  will  be  calculated  for  the  various 
scenarios.  The  actual  average  for  aircraft  availability 
over  the  previous  two  years'  has  been  83.4%  for  PACAF  and 
88.8%  for  USAFE  (41).  These  readiness  rates  equate  to 
approximately  94  of  113  aircraft  being  mission  capable  in 
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PACAP  and  approxiaattly  110  c£  124  mimmior  cap«bl«  in  USAPB. 
Th«  poasMSttd  alcecAft  figurns  nr«  b«a*d  upon  data  fron 
Juno*  1988*  Sinco  tho  aasplo  simoa  ara  graatat  than  30*  Z-> 
atatiatlca  will  ba  calculatad  for  aach  aiiiulation  run  and 
will  ba  coaparad  for  a  cantraliaad  JBIN  atruetura  varaua  an 
organic  JBZN  atruetura. 

Tha  aaaunptlona  which  auat  ba  aat  for  uaing  tha  Z 
atatlatic  ara  aa  follova: 

1)  Tha  aaopling  dlatribution  of  -  X2}  ia 
approxinataly  nornal  for  larga  aaaplaa. 

2)  Tha  naan  of  tha  aanpling  dlatribution  of  (X.  -  X2) 
ia  (Uj_  -  Uj), 

3)  Z£  tha  two  aaaplaa  ara  indapandant*  tha  atandard 
daviatlon  of  tha  aaapling  dlatribution  la  rapraaantad  by 
pooling  tha  aaapla  atandard  daviations  (22:334). 

Tha  two  tailad  taat  will  ba  conductad  to  dataraina  if 
aircraft  availability  ia  atatistically  algnificanc  at  a  95  % 
laval  of  confidanca.  Tha  Ho  for  tha  taat  will  ba  that  tha 
avaraga  availability  doaa  not  diffar.  Ba  for  thvv  taat  will 
ba  that  tha  availability  rataa  do  diffar.  With  thia  daaign 
wa  can  ba  95%  confidant  in  our  raaaarch  rasults  and  toinimiza 
tha  chancaa  for  a  Typa  I  arror  (22:335). 


Raaaarch  Daaign 


Tha  JENS  nodal  allowad  tha  author  to  build  a  raaaarch 
daaign  which  focuaad  apaclflcally  upon  thoaa  variables  which 
change  directly  with  naintananca  structure.  The  aaintanance 
structure*  as  was  noted  above*  directly  impacts 
transportation*  spares*  repair  tinea*  and  manpower .  Tha 
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R«nd  ttudica  in  Chnpt«r  XI  dicnctly  citnd  CILC  na  a  stratagy 
which  caplacaa  aanpowar  with  aparaa.  Tha  initial  runs  of 
tha  JINS  aodal  utiliaad  standard  pipalina  factors  for 
transportation#  spares «  and  repair  tines.  Equal  nunbars  of 
naintananca  craws  and  repair  resources  ware  input  into  JINS 
to  balance  their  potential  inpact  upon  aircraft  availability 
results.  Centralised  JEIN  was  nodeled  for  our  two  PACAf 
wings  as  well  as  our  two  USAPE  wings.  Following  these 
initial  runs#  it  was  decided  to  neasure  the  inpact  of 
transportation  tine  upon  aircraft  availability.  If  the 
repairable  assets  could  be  transported  in  two  days  rather 
than  four#  how  would  that  inpact  aircraft  availability? 
Sinulation  runs  for  centralised  JEIN  were  acconplished  for 
the  standard  four  day  in-theater  transit  tines  and  later  for 
two#  five#  and  six  days.  The  objective  was  to  deternine  if 
transportation  was  a  bottleneck  in  the  repair  process. 

These  different  transportation  tines  will  be  statistically 
tested  to  determine  whether  they  vary  significantly  fron  co> 
located  JEIN  repair. 

After  this  was  accomplished  it  was  decided  to  make 
simulation  runs  by  increasing  PllO  spare  engines  by  25%  for 
both  PACAF  and  OSAPE  wingS.  This  increase  in  spares  was 
accomplished  for  both  centralised  JBIri  and  organic  JEIN 
structures. 

Following  these  early  runs  it  was  evident  that  manpower 
shortages  were  creating  backlogs  in  JEIN.  To  adjust  for 
this  problem#  the  number  of  maintenance  crews  was  increased 
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by  *pproxtiiat«ly  33%  for  both  structucos.  Thoao  roaulta 
also  woco  statittically  toatod  to  dataralna  if  any 
dltfacanea  in  availability  axiatad. 

Tha  final  aiaulation  runa  avaluatad  aora  caaliatic 
pipalina  factora.  Pipalina  atudiaa  ahow  that  pipalina  tiaaa 
ara  alnoat  always  axcaadad.  Tharafora  tha  rapair  cycla 
tiaas  wara  incraaaad  by  25%  to  aaaaaa  ita  iapact  upon  P16 
availability.  Thaaa  rasults  alao  wara  taatad  atatiatieally 
for  coapariaon.  In  aasancai  tha  JEMS  aodal  allowad  thay 
author  to  avaluata  tha  indapandant  iapact  of  tranaportationi 
sparaa*  rapair  craws «  and  rapair  tiaas  upon  aircraft 
availability  ratas. 

Proa  tha  raviaw  of  tha  litaratura  in  Chaptar  lit  thasa 
factors  9raatly  iapact  any  aaintananca  organisation's 
parforaanca. 

Maintananca  Coat  Data 

Tha  JEMS  nodal  was  usad  primarily  as  a  capability 
assassaant  tool.  Intuit ivaly«  ona  can  racognisa  that 
additional  tlna  In  tha  rapair  cycla  for  transportation 
dagradas  c.w%b«t  capability.  Tha  JENS  nodal  allowad  tha 
author  to  aaasura  tha  Iapact  of  cantrallsad  JBIH  varaus 
organic  JEIH.  In  this  portion  of  tha  study  tha  focus  will 
ba  upon  tha  conparativa  costs  of  tha  diffarant  aaintananca 
support  structuras.  Tha  coat  alaaants  which  will  ba 
conparad  ara  intarnadlata  support  costs#  transportation# 
initial  sparas#  war  rasarva  sparas  kits  (NRSK)#  spars 
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spar«8f  and  support  equipment.  Data  was  collected  from 
PACAP  end  other  agencies  which  depicted  the  difference  in 
costs  between  organic  intermediate  maintenance  and 
centralised  intermediate  maintenance. 

Intermediate  Support  Costs 

Based  upon  the  reported  costs  for  FIDO  intermediate 
maintenance  in  the  first  quarter  of  1987 «  a  comparison  will 
be  made  between  PACAF  and  the  USAFE  wings.  The  maintenance 
support  costs  for  the  four  wings  will  be  collected  and  then 
converted  to  a  maintenance  cost  per  flying  hour.  The  data 
will  then  be  used  to  compare  the  hypothetical  costs  for 
several  of  the  JEMS  runs.  The  use  of  this  data  will  allow 
the  author  to  match  "real  world"  cost  data  with  the 
simulation  results.  Among  the  assumptions  made  is  that  FlOO 
maintenance  costs  are  not  greatly  different  from  PllO  costs. 
The  modular  nature  of  the  fIoo  engine  may  call  this 
assumption  into  question.  Still  the  analysis  will  be  made 
for  both  centralized  JEIM  and  organic  JEIH. 

Transportation  Costa 

Added  to  the  centralized  JEIM  maintenance  costs  will  be 
a  charge  for  transportation.  The  Military  Airlift  Command 
was  contacted  to  obtain  shipping  charges  which  would  be  in 
effect  for  FxlO  engines.  The  weight  and  dimensions  of  FllO 
engines  were  used  to  determine  the  roundtrip  cost  to  the 
Tactical  Air  Command  for  transporting  PllO  engines.  The 
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Actual  numbar  of  FllO  removals  is  provided  by  the  JEMS 
simulation  modal. 

Initial  Spares#  WRSK»  Raplanishmant  Spares 

The  maintenance  "Plateaus  Study"  being  conducted  by 
Synergy  includes  cost  comparisons  for  centralized 
maintenance  versus  organic  maintenance.  Based  upon  the  life 
cycle  cost  data  provided  by  Synergy/  the  author  will  make 
comparisons  for  the  study's  160  day  scenario.  The  relative 
costa  for  initial  spares/  WRSK/  and  replenishment  spares 
will  be  calculated  for  each  maintenance  concept.  Simplistic 
assumptions  about  interest  rates/  cost  allocations/  and 
economies  of  scale  will  be  made  to  facilitate  the 
comparison. 

Spare  Engine  Coats 

The  current  costs  of  FllO  engines  (March/  1986)  will  be 
compared  between  the  two  maintenance  structures.  This  cost 
will  not  include  recurring  maintenance  and  will  be  computed 
ts  a  spare  engine  cost  per  aircraft.  The  total  cost  will 
include  the  price  of  warranty  which  is  usually  purchased 
from  General  Electric. 

Support  Equipment  Costs 

The  F16  SPO  concracted  with  Technology  Applications/ 
Incorporated  in  Dayton/  Ohio  to  study  support  equipment 
costs  between  PACAF  and  USAFE.  Based  upon  Technology 
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Applications'  study#  the  dlffsrance  in  support  equipment 
costs  is  shown.  The  study  divided  support  equipment  into 
three  different  categories.  The  categories  were  avionics 
(AlS)f  engines#  and  others.  Based  upon  this  data#  the 
author  computed  a  support  equipment  costs  per  aircraft. 

This  assumes  the  support  equipment  will  remain  in  service 
for  the  life  of  the  wing  and  does  not  include  its 
maintenance  costa.  The  only  costs  considered  are  the 
current  procurement  costs. 

Overall  Cost  Comparison 

The  overall  cost  comparison  was  obtained  by  combining 
the  previously  mentioned  cost  elements:  intermediate 
support#  transportation#  initial  and  replenishment ' spares# 
WRSK#  spare  engines#  and  support  equipment.  Which 
maintenance  structure  costs  more?  Does  centralization 
really  save  money?  At  what  cost  does  organic  JEIM  achieve 
higher  combat  capability?  These  cost  comparisons  represent 
rough  estimates  and  readers  should  recognize  that  many  other 
elements  would  require  consideration.  Costs  for  facilities# 
training#  and  personnel  are  among  those  not  considered. 

Summary 

This  chapter  briefly  restated  the  study's  research 
objectives  and  outlined  the  research  design.  The 
methodologies  outlined  within  this  chapter  will  examine  the 
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lnp«ct  of  contrail z«d  intarmediata  repair  from  thrae 
dlatinct  parapactivas . 

Tha  first  pacspactlva  is  tha  historical  results  from 
PACAF.  Tha  usa  of  PACAF  documants  and  research  studies 
alleged  the  author  to  build  realistic  scenarios  for  computer 
simulation.  The  use  of  the  JEMS  model  provided  a  combat 
capability  assessment  measure  of  comparison.  The  final 
comparison  made  will  be  upon  the  relative  costs  of  the 
different  support  structures.  This  research  design  offers  a 
re'^listic  assessment  of  the  costs  and  benefits  of  different 
intermediate  maintenance  concepts. 
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IV.  Results 


Chspf  r  Ovrvisw 

This  chsptsr  prsasnta  ths  resssrch  results  of  this 
study.  First/  ths  JENS  sinulstlon  rssults  are  givsn  and 
conparsd  statistically.  Aircraft  availability  ratss  wars 
comparsd  for  both  intcrnadiats  naintsnancs  concepts. 
Following  the  avail«(bility  comparisons/  ths  coats  of  ths 
alternative  maintenance  concepts  vers  examined.  Both  fixed 
costs  and  variable  costs  were  collected  to  measure  the 
relative  economy  of  the  two  maintenance  strategies. 

Introduction 

The  ultimate  goal  of  this  research  was  to  evaluate  the 
impact  of  centralized  intermediate  maintenance  upon  mission 
capability  and  cost.  The  principle  measure  of  merit  for 
capability  assessment  was  aircraft  availability.  The  JEMS 
model  allowed  the  author  to  have  maximum  control  over  the 
research  environment  and  to  directly  input  current  "real 
world"  facts  into  the  simulation  model.  This  research 
design  combined  computer  simulation  with  reality.  The  cost 
data  was  collected  from  APLC  agencies  and  companies  which 
were  conducting  cost  studies  for  the  Air  Force.  This 
combined  approach  allowed  the  author  to  compare  both  the 
relative  benefits  and  costs  of  the  alternative  maintenance 
structures. 
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This  chapter  ia  divldad  into  five  aact ions.  First <  the 
peacetime  scenario  is  compared  for  aircraft  availability. 
Sections  two  and  three  focus  on  the  wartime  and  sustained 
scenarios.  These  sections  summarize  the  aircraft 
availability  results  and  present  the  statistical  comparisons 
between  the  two  concepts.  Section  four  presents  the  cost 
comparisons  between  the  two  concepts.  Fixed  costs  such  as 
support  equipment*  initial  spares*  and  war  reserve  materials 
are  compared  along  with  or-going  maintenance  support  costs. 
Section  five  combines  the  data  to  provide  an  overall 
analysis  of  the  results.  It  summarizes  the  positive  Impact 
of  organic  intermediate  maintenance  on  aircraft 
availability*  but  also  includes  an  estimate  of  the 
additional  costa  incurred  for  this  capability. 


Scenario  Description 


Before  presenting  the  simulation  results*  a  review  of 
the  scenario  being  evaluated  is  appropriate.  The  peacetime 
flying  hour  scenario  was  based  upon  45  hours  per  month  for 
each  possessed  aircraft.  In  our  study  the  following 
possessed  aircraft  data  was  used  which  was  current  in  June* 
1988: 


BASE 

Misawa 

Kunsan 

PACAF  (Total) 
Ramsteln 
Torre jon 
USAFE  (Total) 


HUMBER  OF  A/C 

53 

60 

113 

52 

72 

124 
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The  JBMS  dally  flying  rate  vaa  baaed  upon  23  actual 
flying  daya  within  a  nonth.  Major  Keith  Hlcka  from  HQ  APLC 
atated  that  thia  vaa  the  current  eatimate  for  flying  daya 
within  a  aonth  (18).  Baaed  upon  thla  data  the  peacetime 


flying  rate  vaa  aa  follova: 

BASE  HRS/DAY 


Miaawa  104 

Runaan  117 

PACAP  (Total)  221 

Ramateln  102 

Torrejon  141 

USAPB  (Total)  243 


Standard  repair  cycle  tinea  from  AFH  400-1  were  uaed  In 
the  acenarlo.  The  repair  tinea  are  depicted  In  Appendix  D. 
The  removal  and  Inatallatlon  tine  for  a  PllO  engine  waa 
eatimated  at  four  houra.  Thla  eatimate  waa  provided  by 
SHSgt  Larry  Lanbright  from  the  P16  SPO.  SHSgt  Lambright  haa 
had  extenalve  experience  with  the  P16  propulaion  enginea. 

The  combined  mean  removal  interval  (CMRi)  for  the  PllO 
enginea  waa  aet  at  the  official  Air  Porce  eatimate  for  the 
third  quarter  of  1988  for  229  houra.  The  maintenance 
reaourcea  which  exiated  at  the  time  thla  atudy  vaa  conducted 
were  input  into  the  JEMS  model.  The  number  of  maintenance 
crewa  waa  eatimated  baaed  upon  Tactical  Air  Command* a  (TAG) 
authorlxation  of  52  engine  technlciana  for  a  72  aircraft 
wing  (12).  Spare  engine  levela  were  aet  to  the  level 
computed  for  a  centrallxed  atructure  or  an  organic 
atructure.  A  aummary  of  the  maintenance  reaource  factora# 
maintenance  crewa#  and  apare  engine  levela  are  provided  in 


Appendix  B.  Thx  p«rforMnctt  of  tho  wlngx  undor  contrallxod 
J61H  voraus  organic  JBIN  vaa  pcovidad  by  tha  JENS  nodal. 
Cantraliaad  JBIH  raaulta  vara  avaluatad  for  diffarant 
tranaportation  tinaa  from  tha  POLa  to  tha  CIRF.  AlaOf  tha 
impact  of  incraaalng  aparaa«  crawa*  and  rapalr  cycla  tlmaa 
vaa  avaluatad  for  both  organic  and  cantraliaad  intarnadiata 
aaintananca. 

Saction  Ona:  Paacatiaa  Availability 

Tha  aircraft  availability  .for  cantraliaad  JEIM  vas 
provided  by  tha  JENS  nodal  for  both  PACAP  and  USAFE  baaas. 
Separata  runs  vara  nada  for  transit  tinea  of  tvo#  four# 
five/  and  aix  daya  batvaan  tha  NOB  and  tha  POL.  Thia  vaa 
dona  principally  bacauaa  of  a  connant  by  retired  Major 
General  Jack  Matara  vho  vaa  inatrunantal  in  aatabllahinci  tha 
CIRP.  Natara  fait  that  tha  CIRP  in  PACAP  could  have 
performed  batter  if  adequate  raaourcaa  had  bean  put  into 
transportation  assets.  Transit  tines  batvaan  PACAP  b.%sas 
and  tha  repair  facility  at  Kadana  averaged  approximately  six 
days  for  PllO  anginas  in  our  study.  PACAP  railed 
predominantly  upon  MAC  space  available  resources  and  no 
dedicated  airlift  assets  vara  available  to  support  tha 
transport  of  items  batvaan  tha  CIRP  and  the  PACAP  bases.  To 
evaluate  this  concern#  several  diffarant  transport  times 
vara  input  into  tha  JEMS  nodal  (34). 


P>«c«tiw  R»aulf 


Th«  following  tobloa  provldo  tha  avaraga  paacatlma 
aircraft  availability  for  paacatiaa  conditions.  Tha  tablas 
raflact  tha  raaulta  for  PACAF#  and  USAPB  undar  both  a 
cantralisad  naintananca  concapt  and  an  organic  concept. 


TABLE  1. 

Naan  Availability  Results  for 
PACAF  Cantralisad  JBIM  (Baseline) 


TRANSIT  ' 

MEAN  NUMBER  OF 

MEAN  PERCENTAGE 

TIME  (DAYS) 

A/C  AVAILABLE 

AVAILABLE 

2 

95.421 

84.4 

4 

95.233 

84.3 

5 

94.954 

84.0 

6 

95.571 

84.6 

4  (Repair  Cycle 

25%)  95.000 

84.1 

Naan  Availability  Results  for 
PACAF  Organic  JEIH 


NO  TRANSPORT  MEAN  NUMBER  OF  MEAN  PERCENTAGE 

A/C  AVAILABLE  AVAILABLE 

Batvaan  FOLa>CIRF  95.153  84.2 

Repair  Cycle  (25%  increase)  95.724  84.7 
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TABLE  2. 

N«ftn  Availability  Raaulta  for  USAPB 
Cantraliaad  JBZH 


TRANSIT 
TIME  (DATS) 

2 

4 

5 

6 

4  (RC  25%) 

** 


MBAN  NUMBER  OP 
A/C  AVAILABLE 

111.454 

111.596 

111.558 

111.638 

110.650 

:  -  Incraaaad  Rapair 


MEAN  PERCENTAGE 
AVAILABLE 

89.9 

90.0 

90.0 

90.0 

89.2 

Cycla 


Naan  Availability  for  USAPB 
Organic  JEIH 


NO  TRANSPORT 


Batvaan  POLa-CIRP 


MBAN  NUMBER  OP 
A/C  AVAILABLE 

111.571 


MEAN  PERCENTAGE 
AVAILABLE 

90.0 


Rapair  Cycla  (25%  incraasa)  111.641 


90.0 


Thasa  raaulta  raflact  atandard  rapair  tiaaa  axcapt  for 
tha  laat  antry  vhich  raflactad  an  incraaaa  of  25  parcant  in 
tha  rapair  cycla.  Plpalina  atudiaa  illuatrata  that  Air 
Forca  anginaa  normally  axcaad  plpalina  atandarda  (23:5-3-5- 
5).  Aa  a  raault«  thaaa  availability  rataa  may  ba  conaidarad 
optimlatic.  Prom  raviaving  tha  abova  raaulta#  it  appaara 
that  raducing  tranaportation  tima  and  incraaaing  rapair 
cyclaa  haa  vary  llttla  Impact.  Moat  likaly#  tha  apara 
angina  lavela  and  tha  maintananca  raaourcaa  ara  adaquata  to 
maat  paacatima  flying  achadulaa.  Tha  paacatlma  raaulta  for 
incraaaing  tha  numbar  of  apara  anginaa  by  25  parcant  and 
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crttws  by  25  pbrc^nt  «c«  d«plct«d  in  the  statlatlcal  ftnblyala 
aaetlon*  Thaaa  raadinaaa  caaulta  cloaaly  parallal  tha 
actual  paacatiaa  atandarda  of  85%  in  PACAP  and  90%  in  USAFB. 
It  ia  lapoctant  to  raaanbar  that  JAMS  ia  only  accounting  for 
tha  praaanca  of  an  inatallad  aarvlcaabla  angina.  Obvloualy 
•any  othar  conponant  ayatama  datarnlna  raal  world  raadlnaaa. 

Statlatical  Analyaia 

In  ordar  to  aaaaaa  tha  algniflcanca  of  tha  diffarancaa 
in  availability «  atatlatical  taata  vara  parformad.  Sinca  in 
all  caaaa*  tha  aampla  aixaa  aqualad  at  laaat  thirty «  an 
aaaunptlon  waa  nada  that  tha  data  waa  nornally  diatributad. 

A  Z-atatiatic  waa  calculatad  for  each  acanario  comparing  tha 
nunbar  of  aircraft  availabla  undar  cantralixad  JEIM  to  tha 
numbar  availabla  undar  organic  JEIM.  Tha  null  hypothaaia 
(Ho)  was  that  thara  was  no  diffaranca  batwaan  tha  population 
naana  in  taraa  of  tha  numbar  of  aircraft  availabla «  and  tha 
altarnativa  hypothaaia  (Ha)  waa  that  thara  waa  a  aignificant 
diffaranca.  Onca  thla  raault  waa  obtainad»  it  could  be 
datarminad  if  one  aampla  waa  algnif icantly  different#  either 
greater  or  amallar  than  tha  comparative  aampla.  Tha 
peacetime  compariaona  for  PACAF  and  USAFE  ^ollow: 


TABLE  3. 

PACAF  PMCtt  (BaMlln*) 


C«ntgAllfd  JBIM  Availability  Y>fuA 
Orq»nie  JBIM  Avilabilitv 


CBIITRALIZED 

ORGANIC 

SCBMARIO 

MEAN 

SD 

N 

MBAN 

SD 

N 

E 

2  Days 

95.421 

1.B3 

48 

95.153 

1.65 

34 

.796 

4  D.aya 

95.233 

1.83 

48 

95.153 

1.65 

34 

.206 

5  Days 

95.954 

1.45 

48 

95.153 

1.65 

34 

-.564 

6  Days 

95.571 

.48 

48 

95.153 

1.65 

34 

1.433 

RC  (25%) 

95.000 

2.79 

48 

95.724 

.724 

34 

-1.780 

**RC  -  Incr*«sttd  Repair  Cycle 


TABLE  4. 

USAFE  Peace  (Baseline) 


Centralised  JEIM  Availability  Versus 
Organic  JEIM  Availability 


CENTRALIZED 

ORGANIC 

SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

111.454 

1.13 

48 

111.571 

.53 

34 

-.620 

4  DAYS 

111.596 

.35 

48 

111.571 

.53 

34 

.239 

5  DAYS 

111.558 

.33 

48 

111.571 

.53 

34 

-.097 

6  DAYS 

111.638 

.30 

48 

111.571 

.53 

34 

.666 

RC  (25%) 

110.650 

4.100 

48 

111.641 

.38 

34  • 

-1.660 

** 

RC  - 

Increased  Repair  Cycle 

These  results  reveal  there  .is  no  statistical  difference 
in  peacetine  availability  at  the  standard  confidence  level 
of  95%.  The  closest  the  results  caee  to  being  statistically 
significant  were  when  the  repair  cycles  were  increased  by  25 
percent.  For  PACAF#  the  Ho  can  be  rejected  at  the  92.5% 
confidence  level.  For  USAFE  the  hypothesis  can  be  rejected 
at  the  90.3%  confidence  level.  These  results  strongly 
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•U99«*t  that  thara  actually  la  a  ai9nlficant  dlffaranca  in 
aircraft  availability  batwaan  aaintananea  concapta  whan  tha 
rapair  cycla  incraaaaa. 

What  happana  if  tha  nuabar  of  apara  PllO  an9inaa  ia 
incraaaad  by  25%?  In  PACAP*  tha  aparaa  eoaputationa  allowad 
22  an9lnaa  for  cantraliaad  JBIN  at  Kadana  and  16  an9inaa  if 
tha  aaintananca  ia  parforaad  at  tha  baaaa.  An  avaluation  of 
both  concapta  with  28  an9inaa  in  PACAP  for  cantraliaad  JBZN 
and  34  an9inaa  in  USAPB  for  cantraliaad  JBIH  waa  coaplatad. 
Alao  Incraaaad  wara  tha  or9anic  aparaa  froa  16  to  22  in 
PACAP  and  froa  18  to  24  in  USAPB.  Thaaa  ratioa  baaically 
aaintalnad  tha  diffarantial  in  aparaa  for  aach  aaintananca 
concapt.  Tha  atatiatical  raaulta  for  thaaa  aiaulationa 
follow: 


TABLE  5. 

PACAP  Paaca  (Incraaaad  Sparaa) 

Cantraliaad  JEIM  Availability  Yaraua 
Organic  ^BtM  AvailabiiiW 


CENTRALIZED 


SCENARIO 

MEAN 

SD 

N 

2  DAYS 

95.42 

1.25 

48 

4  DAYS 

95.42 

.95 

48 

5  DAYS 

95.15 

.78 

48 

6  DAYS 

95.28 

1.46 

48 

RC  (25%) 

95.32 

1.27 

48 

ORGANIC 

HBAN 

SD 

N 

Z 

95.32 

1.28 

34 

.351 

95.32 

1.28 

34 

.380 

95.32 

1.28 

34 

-.693 

95.32 

1.28 

34 

-.124 

95.72 

.30 

34 

-2.100 

**  RC  •  Incraaaad  Rapair  Cycla 
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TABLt  6. 

OSArt  P«ac«  (Xner«*stttf  SpAr«s) 
ClMTItALmD  OACJUIIC 


SCIWiRXO 

NBAM 

SD 

H 

HtAII 

so 

M 

S 

2  DAXS 

111.85 

.283 

48 

111.80 

.353 

34 

-.871 

4  DAYS 

111.58 

.283 

48 

111.80 

.353 

34 

-.321 

5  DAYS 

111.85 

.284 

48 

111.80 

.353 

34 

.728 

8  DAYS 

111.51 

.579 

48 

111.80 

.353 

34 

-.901 

RC  (2S%) 

111.28 

1.140 

48 

111.84 

.380 

34 

-1.950 

**  RC  -  XnerM8«d  R«p«lr  Cycl* 


Onc«  •9ain  thcr*  ««•  v«ry  littl«  •t«tlstic*l  dlffttrsnctt 
in  ptt«c«tiM  availability  tor  organic  varaua  cantrallaad. 

Tha  only  actual  dlffaranea  again  fall  In  RACAF  for  tha 
lncraa8a<*i  pipallna  acanarlo.  Xn  OSATB#  a  dlffaranea  In  tha 
Incraasad  rapalr  cycla  acanarlo  can  ba  rajactad  at  tha  94.8% 
laval  of  confldanca.  Xt  la  Inportant  to  nota  that  thla 
acanarlo  nora  accurataly  raflacta  *raal  world*  rapalr 
cyclaa.  Tha  tranalt  tina  within  PACAP  and  tha  actual  rapalr 
cyclaa  nornally  axcaad  rapalr  atandarda.  Xn  aaaanca  thla 
acanarlo  nora  accurataly  raplieataa  tha  raal  world 
anvlronnanti  wharaaa  tha  othara  ara  optlniatlc  in  natura. 

Tha  final  paacatina  acanarlo  Involvad  Incraaaing 
nanpowar  lavala.  Originally  tan  rapalr  crawa  wara  placad  at 
aach  CXRP.  A  rapalr  craw  conalata  of  four  tachnlciana  for 
thia  atudy.  Thla  nuaibar  allowad  for  thraa  additional  crawa 
to  ba  locatad  at  tha  WOLm  for  tha  ranoval  and  Inatallatlon 
of  anginaa.  For  tha  Initial  JBM  runa  It  bacana  apparant 
that  nanpowar  waa  tha  prlnclpla  bottlanaek.  Virtually  all 
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of  th«  JEIN  backlog  was  attributed  to  a  shortage  of  crews. 

To  adjust  for  this  problem#  the  author  Increased  crews  from 
ten  to  fifteen  at  PACAF's  CIRF  and  from  thirteen  to  eighteen 
at  USAPB's  CIRF.  These  changes  increased  crews  from  16  to 
21  in  PACAF  and  from  18  to  23  in  USAFE  for  centralized  JEIM. 
Organic  crew  increases  matched  centralized  increases.  These 
increases  placed  the  additional  crews  wherever  the  JEIM 
maintenance  was  being  performed.  For  centralized  JEIM#  the 
additional  crews  were  placed  at  the  CIRFs;  whereas  for 
organic  JEIM#  they  were  located  at  the  individual  bases. 

The  statistical  results  of  differences  in  availability 
follows: 


TABLE  7. 

PaCAF  Peace  (Increased  Crews) 

Centralized  JEIM  Availability  Versus 
Organic  JEIM  Availabiii'ty 


CENTRALIZED 


ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

95.70 

.241 

48 

95.506 

.424 

34 

2.410 

4  DAYS 

95.52 

.495 

48  ' 

95.506 

.424 

34 

.108 

5  DAYS 

95.24 

.620 

48 

95.506 

.424 

34 

-2.280 

6  DAYS 

95.33 

1.280 

48 

95.506 

.424 

34 

-.845 

RC  (25%) 

95.29 

1.240 

48 

95.676 

.278 

34 

-2.070 

**  RC  -  Increased  Repair  Cycle 
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TABLE  8. 

USAFE  P«ac«  (Incraaaad  Crews) 


Centralised  JEIM  Availability  Versus 
Orqanic  JEIH  Availabili^ 


CENTRALIZED 


ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN  SD 

N 

Z 

2  DAYS 

111.463 

1.142 

48 

-  111.576 

.322 

34 

-.650 

4  DAYS 

111.713 

.218 

48 

111.576 

.322 

34 

.788 

5  DAYS 

111.633 

.341 

48 

111.576 

.322 

34 

.057 

6  DAYS 

111.463 

1.142 

48 

111.576 

.322 

34 

-.650 

RC  (25%) 

111.575 

.307 

48 

111.606 

.357 

34 

-.410 

**  RC  -  Increased  Repair  Cycle 


The  statistical  results  from  the  increased  crew  runs 
provided  mixed  results.  The  USAFE  results  showed  no 
significant  difference  in  the  availability  rates.  The  PACAF 
results  shoved  statistical  differences  on  three  occasions. 
The  two  day  transit  runs  showed  that  centralized  JEIH 
provided  better  availability  than  organic  JEIM.  The  five 
day  transit  run  and  the  increased  repair  cycle  run  showed 
organic  JEIH  with  better  availability.  These  results  lead 
one  to  believe  that  under  a  peacetime  scenario/  centralized 
JEIM  can  match  organic  JEIM  results  if  repairable  assets  can 
be  shipped  and  received  within  four  days. 

In  assessing  the  peacetime  results/  it  appears  that 
there  is  only  a  small  differential  in  availability  for 
organic  JEIH  versus  centralized  JEIM.  The  more  realistic 
repair  cycle  simulations  suggest  a  substantial  difference# 


but  thu  nor*  optimistic  transit  times  show  little 
difference.  In  essence^  if  the  Air  Force  can  ship  items 
within  theater  in  four  days  or  less#  centralized  JEIM 
produces  comparable  availability  rates.  Over  the  entire 
scenario  for  peace >  the  results  were  averaged  and  determined 

•  j 

that  organic  JEIM  provided  .7094  more  aircraft  per  day. 

This  totals  to  63.85  aircraft  over  the  entire  ninety  day 
scenario  and  Increases  availability  by  only  .299%.  In 
essence f  there  is  little  or  no  difference  in  mission 
capability  between  the  maintenance  concepts  for  peacetime 
operations. 

Section  Two:  Wartime  Scenario 

The  wartime  scenario  made  the  normal  adjustments  for 
wartime  conditions.  The  repair  cycle  was  shortened  to 
reflect  the  adoption  of  twelve  hour  shifts  and  the  flying 
hours  were  doubled  to  reflect  the  wartime  surge 
requirements.  No  additional  manpower  assets  were  added  to 
place  the  existing  structures  to  the  maximum  test.  Airlift 
constraints  make  this  assumption  appropriate.  The  only 
available  JEIM  was  that  at  the  organic  wings  or  the  CIRFs. 
The  depot  continued  to  provide  depot  support/  but  no  lateral 
support  capability  was  allowed  to  exist  within  the  JEMS 
model.  Although  most  plans  call  for  a  four  to  seven  day 
surge/  the  author  chose  to  maintain  the  increased  flying 
scenario  throughout  the  thirty  days.  This  fact  provides 
more  wartime  results  for  comparison.  The  different 
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tranapoctAtion  tincis  war*  inaintainad  and  it  vaa  assumed  that 
th*  transportation  routos  would  r*main  in  s*rvice.  This 
last  assumption  touches  on  the  vulnerability  issue  of 
centralised  maintenanu*.  As  mentioned  earlier#  this  study 
attempts  to  only  assess  th«  potential  impact  of 
centralization.  Vulnerability  issues  and  .survivability 
issues  fall  outside  the  limited  scope  of  this  study.  The 
study  also  assumes  that  the  organic  JEIM  assets  remain  in 
service  and  survive#  so  th*  author  feels  the  balance  in  the 
study  is  maintained.  The  following  tables  show  the  baseline 
availability  results  produced  by  the  JEMS  model.  The 
statistical  results  are  also  included  to  reflect  the 
relative  differences  in  the  maintenance  results. 


TABLE  9. 

PACAF  Wartime  (Baseline) 


Centralized  JEIM  Availability  Versus 
Organic  JEIM  Availability 

CENTRALIZED  ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

78.38 

6.77 

30 

80.59 

3.46 

30 

-1.580 

4  DAYS 

73.16 

6.32 

30 

80.59 

3.46 

30 

-5.640 

5  DAYS 

79.74 

3.74 

30 

80.39 

3.46 

30 

-.977 

6  DAYS 

80.84 

6.86 

30 

80.59 

3.46 

30 

.131 

RC  (25%) 

68.71 

6.26 

30 

91.51 

2.41 

30 

-22.940 

**  RC  >  Increased  Repair  Cycle 
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TABLS  10. 

USAPB  NartiM  (Basttlinc) 

C»ntr«lis»d  JBm  AvilAbilitv  Vt»u« 
Organic  iiiiw  it^allability 

CBBTRALIBED  ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

95.61 

4.82 

30 

104.64 

2.64 

30 

-9.190 

4  DAYS 

103.96 

3.33 

30 

104.84 

2.64 

30 

-1.130 

5  DAYS  . 

106.50 

2.80 

30 

104.84 

2.64 

30 

2.350 

6  DAYS 

106.98 

1.97 

30 

104.64 

2.64 

30 

6.877 

RC  (25%) 

73.63 

9.07 

30 

106.78 

2.19 

30 

-19.440 

**  RC  •  Incraascd  Rapair  Cycle 


The  warti<r^c  ceaulta  generally  reflect  that  organic  JEIM 
doea  provide  nore  aircraft.  There  were  some  instancea  in 
I'SAFB  where  centralized  JEIH  provided  higher  availability 
ratea.  For  the  USAFE  five  and  aix  day  acenarioa#  the 
centralized  JEIN  reaulta  produced  higher  aircraft 
availability  ratea.  On  the  other  hand#  the  large  negative  Z 
atatlatica  for  Increaaed  repair  cyclea  clearly  ahov  the 
additional  capability  offered  by  organic  JEIH.  The  JEMS 
reaulta  clearly  ahov  that  repair  capacitiea  are  quickly 
exceeded  during  the  wartime  aettlng  and  that  only  additional 
manning  would  impact  JEIH  aupport.  Given  the  current 
manning  within  moat  TAC  vinga#  it  appeara  that  thla  would 
become  the  primary  conatralnt.  Whether  the  atructure  ia 
centralized  or  organic  may  become  irrelevant  to  the  JEIH 
effort.  On  balance  however/  organic  JEIH  eliminatea  the 
tranaportation  requlrementa  and  shortena  the  reaupply  cycle. 
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This  positlv*  iapaet  is  psrtleulsrly  rslsvsnt  In  ths 
incrssssd  cspsir  cyels  siaulstionr. 

Following  tho  bssslins  runs*  ths  incrssssd  spsrss 
scsnsrio  wss  run  for  ths  wsrtins  scsnsrio.  Ths  rssults  of 
ths  sdditionsl  spsrss  srs  shown  in  ths  following  tsblss: 


TABLE  11. 

PACAF  Nsrtins  (Additionsl  Spsrss) 

Csntrslissd  JEIM  Avsilsbility  Ysrsus 
Orqsnic  JEIM  Avsilsbility 

CENTRALIZED  ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

64.98 

5.56 

30 

92.48 

2.81 

30 

-6.56 

4  DAYS 

79.18 

5.20 

30 

92.48 

2.81 

30 

-12.32 

5  DAYS 

80.41 

6.15 

30 

92.48 

2.81 

30 

-9.78 

6  DAYS 

74.37 

8.68 

30 

92.48 

2.81 

30 

-10.87 

RC  (25%) 

76.22 

6.40 

30  . 

93.39 

.826 

30 

-14.38 

**  RC  -  Incrssssd  Rspsir  Cyels 


TABLE  12. 

USAFE  Wart ins  (Additionsl  Spsrss) 


Csntrslissd  JEIW  Avsilsbility  Ysrsus 
Organic  JEIM  Avsilsbility 


CENTRALIZED 

ORGANIC 

SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

110.42 

.97 

30 

111.44 

.333 

30 

-5.42 

4  DAYS 

108.78 

6.96 

30 

111.44 

.333 

30 

-2.63 

5  DAYS 

109.92 

2.04 

30 

111.44 

.333 

30 

-4.01 

6  DAYS 

100.04 

5.99 

30 

111.44 

.333 

30 

-10.41 

RC  (25%) 

92.69 

6.36 

30 

106.79 

2.19 

30 

-11.48 

**  RC  -  Incrssssd  Rspsir  Cycle 


.i 


The  .results  are  very  evident  for  these  simulations.  In 
all  cases  the  large  negative  Z-statistics  show  that  organic 
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JBIN  provides  aor*  availabl*  aircraft.  Tha  fact  that  tha 
■aintananca  crawa  ara  raadily  avallabla  raducaa  tha  rapalr 
eycla  tiaaa.  Tha  nagativa  iapact  of  ineraaaad 
transportation  raquiraaanta  is  raadily  apparent. 

Tha  final  vartiaa  acanario  again  involvad  increasing  the 
nuBbar  of  four  aan  naintenanca  craws.  Ones  again  aa  was 
done  for  peace*  the  crews  were  increased  from  fifteen  to 
eighteen  for  CZRFs  and  to  twenty-one  and  twehty-three  for 
organic  runs.  The  relative  impact  is  shown  in  the  following 
tables : 


TABLE  13. 

PACAP  Wartime  (Additional  Crews) 

Centralised  JEIW  Availability  Versus 
Organic  ifetw  Availability 

CENTRALIZED  ORGANIC 


SCENARIO 

MEAN 

SD 

N 

MEAN 

SD 

N 

Z 

2  DAYS 

94.44 

.71 

30 

91.51 

2.59 

30 

5.97 

4  DAYS 

91.25 

2.49 

30 

91.51 

2.59 

30 

-.41 

5  DAYS 

93.72 

1.66 

30 

91.51 

2.59 

30 

3.93 

6  DAYS 

76.22 

6.40 

30 

91.51 

2.59 

30 

-12.13 

RC  (25%) 

83.21 

3.63 

30 

92.53 

2.82 

30 

-11.10 

**  RC  -  Increased  Repair  Cycle 
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TABLB  14. 

U8APB  HartlM  (Additional  Crows) 

Controllnod  JBIM  Awoilobilltv  Yorsuo 
Orqonic  jMiri  Awoiiooiiitv 

CEHTRALIZED  ORGAHIC 


SCENARIO 

HBAN 

SD 

M 

HBAN 

SD 

N 

Z 

2  DAYS 

111.49 

.27 

30 

111.37 

.45 

30 

1.28 

4  DAYS 

111.31 

.31 

30 

111.37 

.45 

30 

-.54 

5  DAYS 

110.99 

.46 

30 

111.37 

.45 

30 

-3.24 

6  DAYS 

92.69 

6.36 

30 

111.37 

.45 

30 

-16.05 

RC  (25%) 

106.21 

3.89 

30 

106.79 

2.19 

30 

-7.22 

**  RC  •  Incroaaod  Ropolr  Cyclo 

Tho  ovorall  roaults  for  tho  wartlmo  sconarlo  for 
additional  crowa  raflacta  that  organic  JEIH  dooa  provide 
additional  aircraft.  For  PACAF  however *  it  appears  that 
transit  times  of  five  days  or  leas  provide  the  advantage  to 
centralized  JEIH.  As  the  transportation  time  increases  the 
advantage  shifts  back  to  organic  JEIH.  Apparently  at  this 
point#  the  additional  spares  provided  to  a  centralized 
structure  become  depleted  and  the  relative  advantage  shifts 
to  organic  JEIH.  The  same  trend  appears  in  USAPE  only  for 
transit  times  less  than  four  days.  In  general#  the 
conclusion  can  be  made  that  wartime  effectiveness  is 
enhanced  with  collocated  organic  JEIH  provided  that 
centralized  repair  requires  more  than  four  days 
transportation.  At  what  additional  cost  does  this 
capability  exist?  That  question  will  be  addressed  when  the 
cost  comparisons  are  made.  Overall  the  wartime  scenario 
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•how«d  that  organic  JBIH  provided  18.532  aora  aircraft  par 
day  on  avaraga  than  cantraliaad  JBIM.  Tha  bulk  of  thaaa 
additional  aircraft  cana  fron  tha  "raaliatic*  repair  cycle 
scenario  and  tha  longer  transit  scenarios.  These  results 
show  that  a  total  of  555.98  nore  aircraft  would  be  available 
for  a  thirty  day  war  and  that  it  increasea  availability  by 
7.8%  over  the  duration  of  the  war. 

Section  Three;  Sustained  Scenario 

The  final  capability  asseasnent  comparison  will  be  for 
sustained  operations.  This  scenario  continued  after  the 
wartime  acenario  for  sixty  days  from  day  120  until  day  180. 
The  flying  schedule  was  set  at  150%  of  the  peacetime 
schedule  and  the  repair  cycle  was  adjusted  according  to  AFM 
400-1  standards.  All  other  planning  factors  remained 
unchanged  and  no  additional  manning  was  added.  This  fact 
should  provide  continuity  to  the  overall  scenario.  The 
cumulative  results  of  the  preceding  peace  and  wartime 
scenarios  carry  through  the  sustained  operations.  The 
baseline  results  of  sustained  operations  are  shown  in  the 
following  tables: 
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TABLt  15. 

PACAf  Sustained  (■•••line) 


Centralised  JIIW  Aeeilabilit^Yeraua 


»rrmr>i  ^rvTn»mf  f  r 


CBtHAtlSlD  OSCAIilC 


BCBMARZO 

NBAM 

SD 

B 

MBAM 

SD 

M 

Z 

a  DAXS 

75.34 

4.28 

60 

85.19 

4.35 

60 

-12.49 

4  DAYS 

65.26 

2.35 

60 

85.19 

4.35 

60 

-31.18 

5  DAYS 

75.23 

2.03 

60 

85.19 

4.35 

60 

-16.04 

6  DAYS 

71.65 

2.64 

60 

85.19 

4.35 

60 

-20.29 

RC  (25%) 

52.42. 

.2.44 

60 

91.93 

2.51 

60 

-87.33 

**  RC  -  Increesed  Repair  Cycl« 


TABLB  16. 

USAPB  Sustained  (Baseline) 

Centralised  JBm  Availability  Versus 
Organic  itlH  Availability 


CBHTRALIBBD  ORGAMIC 


SCENARIO 

MBAN 

SD 

N 

NBAN 

SD 

N 

Z 

2  DAYS 

98.36 

5.66 

60 

107.89 

2.44 

60 

-11.97 

4  DAYS 

103.89 

4.18 

60 

107.89 

2.44 

60 

-6.40 

5  DAYS 

107.14 

3.30 

60 

107.89 

2.44 

60 

-1.43 

6  DAYS 

109.54 

2.17 

60 

107.69 

2.44 

60 

3.90 

RC 

108.47 

3.49 

60 

111.59 

2.77 

60 

-6.90 

**  RC  -  Increased  Repair  Cycle 


All  of  the  statistical  results  show  a  significant 
advantage  for  organic  JEIM  except  for  the  five  and  six  day 
scenarios  for  USAFB.  In  fact  the  six  day  scenario  shows 
centralised  JBIM  with  sore  available  aircraft.  Further 
exasination  of  the  JBNS  output  products  offered  no 
explanation  for  these  occurrences.  The  large  negative  Z- 
acores  for  PACAF  and  the  overall  trend  strongly  support 
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or9*nie  JtZN.  Th«  variability  within  tha  JtMS  nodal  could 
ba  a  poaaibla  axplanation.  Zn  ganaral  though*  organic  JBZH 
otfara  anbatantial  iaprovaaant  owar  eantraliaad  JBZN  for 
auataining  angina  at^port  ovar  a  ItO  day  acanario. 

To  natch  tha  paaca  and  vartina  raaulta*  tha  sinulatlon 
waa  rapaatad  with  additional  aparaa  input  into  tha 
acanarios.  Zdantical  incraaaaa  wara  again  nada  to  both  tha 
iwganic  and  eantraliaad  atructuraa.  Zn  PACAP*  eantraliaad 
JBZH  incraaaad  fron  twanty-two  to  twanty-aight  apara 
anginaa.  Zn  USAPB*  eantraliaad  JBZH  incraaaad  fron  twanty- 
savan  to  thirty-four  apara  anginaa.  Organic  Incraaaaa  wara 
fron  alxtaan  to  twanty-two  in  PACAP  and  fron  aightaan  to 
twanty-four  within  OSAFB.  Tha  atatiatieal  raaulta  of  having 
thasa  Incraaaad  aparaa  follow: 


TABLB  17. 

PACAP  Suatainad  (Zneraaaad  Sparaa) 

eantraliaad  JBZH  Availability  Yaraua 
6rqanic  JBZH  Avaiiabliity 

CBHTRALIZED  ORGAMIC 


SCENARIO 

HEAN 

SD 

N 

HBAN 

SD 

N 

Z 

2  DAYS 

82.01 

3.71 

60 

94.43 

2.19 

60 

-22.35 

4  DAYS 

76.1 

2.38 

60 

94.43 

2.19 

60 

-59.54 

5  DAYS 

74.33 

4.14 

60 

94.43 

2.19 

60 

-33.24 

6  DAYS 

53.75 

2.23 

60 

94.43 

2.19 

60 

-100.75 

RC  (24%) 

66.64 

3.01 

60 

94.02 

1.42 

60 

-54.70 

**  RC 

-  Incraaaad  Rapair  Cycla 
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TABLE  IB. 

OBAFB  SustBlikAd  (XnerMsad  Spares) 


C#ntr«lifd  JEIW  Airoilabllltv  Yt«u« 
Jlik  Ayilabilitv 


CtHTBALHID  ORGANIC 


SCENARIO 

NEAR 

SD 

N' 

HEAR 

SD 

N 

8 

2  DATS 

111.06 

.88  . 

60 

111.59 

.277 

60 

-4.42 

4  OATS 

110.61 

1.43 

60 

111.59 

.277 

60 

-5.19 

5  DAYS 

107.74 

3.28 

60 

111.59 

.277 

60 

-9.05 

6  DATS 

92.16 

1.40 

60 

111.59 

.277 

60 

-105.10 

RC  (25%) 

B5.60 

1.67 

60 

109.07 

3.02 

60 

-52.68 

**  RC  -  Incr«M*d  R*p*lr  Cycl« 


Xn  ttAch  of  tho  abovo  coaparisona#  organic  JBXH  providaa 
significant  iaprovaaont  in  aircraft  availability.  Tha 
results  suggest  that  over  tise  the  transportation  tine  will 
have  a  cusulative  ispact  upon  readiness.  The  results 
suggest  that  for  peace  or  for  short  wars*  either  concept 
offers  adequate  engine  support.  For  long-ters  sustained 
engagesents*  organic  JBIH  offers  clear  advantages. 

Once  the  baseline  results  and  additional  spares  runs 
were  conplete*  the  additional  crews  scenario  was  repeated 
for  the  sustained  portion  of  the  slnulation.  Once  again 
crews  increased  froa  ten  to  fifteen  at  PACAF  CIRF  locations 
and  fron  sixteen  to  twenty-one  in  PACAF  for  organic  JBIH. 

In  USAPB*  the  crews  increased  froa  thirteen  to  eighteen  at 
CIRF  locations  and  froa  eighteen  to  twenty-three  at  organic 
locations.  The  results  of  the  increased  aaintenance  crews 
are  reflected  in  the  following  tables: 
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TABLt  19. 

PACAT  SttStAlncd  (Xner«Astt4  Cr«wa) 


CtMTAAtUlD  OKOAIIC 


SC8HARXO 

HBAR 

SO 

M 

RBAR 

SO 

M 

S 

2  DATS 

95.49 

.54 

60 

93.34 

2.64 

60 

6.18 

4  OATS 

94.04 

2.36 

60 

93.34 

2.64 

60 

1.52 

5  OATS 

94.54 

1.55 

60 

93.34 

2.64 

60 

3.02 

6  OATS 

86.64 

3.01 

60 

93.34 

2.64 

60 

-51.68 

RC  (25%) 

86.77 

5.32 

60 

94.43 

2.19 

60 

-10.31 

**  AC  -  ZncrMS«d  A«pftir  Cyeltt 


TABLS  20. 

OSAPB  Sustained  (Zncraaaad  Crawa) 

Cantraliaad  JBIil  Availability  Vara ua 
Organic  JIIW  Xaailabiiity 

CBMTRAUXBD  OACAMIC 


SCBMARIO 

HBAR  SO 

H 

NBAM 

SO 

M 

Z 

2  DATS 

111.557  .33 

60 

111.67 

.31 

60 

-1.96 

4  DATS 

111.603  .26 

60 

111.67 

.31 

60 

-1.31 

5  DAYS 

111.493  .32 

60 

111.67 

n31 

60 

-3.10 

6  DAYS 

85.597  1.68 

60 

111.67 

.31 

60 

-118.48 

RC  (25%) 

108.470  3.49 

60 

111.59 

.28 

60 

-6.90 

**  RC  -  Xncraaaad  Rapair  Cycla 


Tha  addad  aaintananca  crawa  producad  aona  dlvaraity. 
PACAFf  cantralisad  JBIM  producad  inprovad  raaulta  for 
tranaporting  aaaata  within  fiva  daya  or  laaa.  In  USAPE« 
organic  JBIM  waa  atatiatically  battar  in  aaeh  caaa  axcapt 
for  tha  four  day  acanario*  vhara  tha  laval  of  atatiatical 
aignificanca  raachad  only  80.9%.  In  both  thaatara« 
tranaportation  tinaa  graatar  than  fiva  daya  gava  organic 


In 
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JSm  tiM  •dVAntaf**  Thm  rMliatic  pip«llii«  •c«n«rio«  also 
pgoducad  siiparior  raaulta  for  orpanie  JBZil.  Tha  aixad 
rMolta  ahow  that  eaatralisad  JBZil  can  ^otfuca  eoopatltlva 
raaolta  to  orpanlc  JBZN  if  tho  tranait  tlooa  aro  Boeroaoad 
aofficiontly*  It  dooand  dooa  not  juatify  tho  ineroaao  in 
tranaportation  aaaota  or  tha  coat  of  inprovoMont  ia  too 
hi9h«  than  orpanie  JBZH  haa  claar  advanta^a  ovar  central i sad 
JBIN. 

Tha  orarall  inpact  upon  raadinaaa  for  orpanic  JBZN 
varaua  cantralisad  JBZH  waa  22.57  nora  aircraft  par  day. 

Thia  totaled  to  1354. BB  aircraft  over  tha  aixty  day 
ocanario.  Thia  anountad  to  an  incraaaad  availability  of 
9.5%  for  both  thaatara. 

Overall  Boaulta 

Tha  overall  conclusion  that  can  bo  nada  froa  tha  rasulta 
is  that  cantralisad  JBZN  can  offar  conparabla  paacatina  and 
wartiaa  availabilitias  if  sufficiant  aparaa  and 
transportation  assats  ara  nada  availabla.  For  sustainad 
oparations  or  for  longar  rapair  cyclas«  organic  JBZH  offars 
claar  advantagaa.  Currant  angina  naintananca  practicas 
suggast  that  thara  ara  insufficiant  dollars  availabla  for 
procuring  thasa  assats  for  a  cantralisad  structura.  Air 
Forca  laadars  hava  adoptad  a  *salf  sufficiancy*  attitude  for 
their  tactical  units  and  hava  inplanantad  logistics  support 
systans  with  this  stratagy  in  nind.  Tha  naxt  saction  will 
deal  with  tha  acononic  inpact  of  cantralisad  intarnadiata 
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malnt«nanc«  varsus  organic  intarmadlata  naintananca.  Tha 
study  until  now  has  focused  exclusivaly  upon  angina 
naintananca.  Tha  cost  data  will  axatnina  intarmadiate 
naintananca  as  a  vhola  to  includa  avionics  and  othar 
subsystans^  Each  typa  of  naintananca  has  its  own  unique 
circunstances  which  would  inpact  any  naintananca  decision. 
This  rasaarch  attempts  to  explore  the  potential  benefits  of 
centralization  across  tha  entire  intarmadiate  spectrum. 

Both  fixed  and  variable  coot  factors  change  depending  upon 
s^  ciflc  maintenance  tasks.  Which  areas  offer  the  best 
potential  for  savings  while  maintaining  combat 
effectiveness? 

Section  Fours  Cost  Comparisons 

A  Government  Accounting  Office  (GAO)  report  published  in 
1979  advocated  the  centralization  of  Air  Force  intermediate 
maintenance.  The  report  suggested  that  substantial  savings 
could  be  realized  in  manpower#  support  equipment#  and 
Improved  efficiencies  (13:1-6).  As  noted  earlier  PACAP 
began  centralizing  its  Intermediate  repair  in  lata  1976  with 
positive  results.  The  author  sought  to  obtain  cost  data 
from  PACAF  units  and  USAFE  units  to  make  cost  comparisons 
bSwWeen  the  alternative  structures.  Data  found  during  this 
search  Included  Intermediate  support  costs#  initial  spares 
costs#  war  reserve  spare  kits  (WRSK)  costs#  replenishment 
spares  ;,t3Sts#  spare  engine  costs#  and  suppoct  equipment 
costs.  Also  obtained  was  tha  probable  transportation  costs 


for  shipping  PllO  onginoa.  This  additional  coat  was  added 
to  the  total  expense  for  any  centralized  structure. 

In  some  cases  the  exact  data  was  available;  whereas#  in 
others  simplifying  assumptions  were  made.  Available  studies 
from  Synergy  Incorporated  and  Technology  Applications 
Incorporated  provided  the  basis  for  some  assumptions. 
Preference  was  given  to  obtaining  variable  cost  data  with 
little  success.  The  only  variable  cost  data  found  was  from 
the  Air  Force's  Visibility  and  Management  of  Operating  and 
Support  Cost  (VAMOSC)  program  and  the  transportation  costs. 
Since  the  simulation  analysis  was  rigidly  controlled#  there 
was  little  fluctuation  in  these  variable  costs.  The  fixed 
costs  chosen  for  inclusion  directly  fluctuate  with 
maintenance  concepts.  The  quantity  of  spares  is  crucial  to 
any  centralized  structure.  The  need  for  additional  spares 
to  compensate  for  the  additional  pipeline  times  is  a  primary 
disadvantage  of  any  centralized  structure.  Reduction  in 
support  equipment  requirements  is  a  principle  plus  for 
centralization.  Each  cost  element  will  be  presented  and 
explained  with  emphasis  on  the  primary  differences  between 
the  two  maintenance  concepts. 


Intermediate  Support  Costs 


The  VAMOSC  system  was  established  to  provide  aggregate 
coat  data  for  Air  Force  managers.  The  rising  cost  of 
operations  and  support  costs  in  the  mid  1970 's  provided  the 
impetus  for  establishing  the  VAMOSC  program  (9:1-5).  Using 
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PUPjIiii, 


TXTST', 


th«  fl6  data  from  YAHOSC  for  fiscal  yaar  (PY)  1987/  the 
ovarall  salntananca  support  costs  per  flying  hour  for  FY  87 
avaragad  $1625  par  hour.  Making  tha  assumption  that 
intarmadiata  malntananca  accounts  for  one  third  of  this 
cost/  total  Intarmadiata  cost  would  ha  $541.66  par  flying 
hour.  This  raprasants  a  hypothetical  average  for  all  Air 
Force  F16  units.  To  directly  compare  PACAF  to  USAFE  F16 
units/  intarmadiata  malntananca  data  was  collected  from 
Kadana  from  tha  first  quarter  of  1987  (87->l)  for  PW  FlOO 
engines.  Also  collected  were  FlOO  intarmadiata  costs  for 
FlOO  maintenance  within  USAFE.  Within  PACAF  these  costs 
equaled  $19.96  per  hour  while  in  USAFE  they  equaled  $29.94 
per  hour.  Unfortunately  this  was  the  only  quarter  which 
reflected  costs  being  attributed  to  Kadena  AB  for  FlOO 
support.  The  FlOO  data  was  checked  by  FlOO  experts  to 
verify  it  consisted  of  only  intermediate  level  tasks  to 
enhance' the  cost  comparisons.  Based  upon  these  cost  ratios 
and  upon  Rand  Studies/  the  author  placed  CIRF  costs  at  a  20% 
savings  below  the  overall  Air  Force  average.  This  placed 
intermediate  supporc  coats  at  $433.32  for  centralized 
structures  and  at  $541.66  per  flying  hour  for  organic 
structures.  Tha  twenty  percent  savings  rate  is  conservative 
compared  to  tha  33%  savings  revealed  by  the  FlOO  data.  The 
twenty  percent  savings  was  cited  by  Rand  in  its  analysis  of 
PACAF' s  performance  after  implementing  centralized 
maintenance. 
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B«8«d  upon  th«a«  asaumptlona  tha  combined  aavlnga  within 
PACAP  ware  aa  followa: 

PACAF 

PEACETIME; 

(221  flying  houra)(90  daya) ($108. 34}-$2/154, 882.60 

.  WAR; 

(442  flying  houca)(30  daya) ($108.34)>$1,436,588.40 
SUSTAINED; 

(332  flying  houra)(60  daya) ($108. 34)>$2, 158, 132.80 
PACAF  TOTAL  SAVINGS;  $5,749,573.80 

The  realized  aavinga  with  USAFE  for  centralized  intermediate 
maintenance  would  be  : 

USAFE 

PEACETIME: 

(243  flying  hours) (90  days) ($108.34)«$2,369,395.80 
WARTIME; 

(486  flying  hours) (30  days) ($108. 34) >$1,579, 597. 20 
SUSTAINED; 

(365  flying  hours) (60  days) ($108. 34) -$2,372, 646 
USAFE  TOTAL  SAVINGS:  $6,321,639 

TOTAL  OVERALL  SAVINGS;  $12,071,213 

These  potential  savings  represent  the  theoretical 


savings  which  would  be  realized  from  improved  quality  of 
maintenance,  increased  time  between  repairs,  and  improved 


•f£ici«ncy.  Th*  initial  Rand  atudlaa  citad  Improvamanta  in 
rallability  dua  to  incraaaad  workar  proficianclaa.  Although 
thaoratical  in  natura#  our  availabla  data  aupporta  our 
aaaumptiona. 


Tranaportatlon  Coata 


An  additional  coat  incurred  by  centralized  structurea  ia 
the  coat  of  tranaporting  repairable  itama.  To  obtain  an 
eatimate  of  potential  tranaportatlon  chargea/  the  Air 
Force 'a  Military  Airlift  Cominind  (MAC)  was  able  to  provide 
the  round-trip  tranaportatlon  chargea  from  Kadena  to  the  F16 
wing  a  in  PACAF  and  from  Mildanhall  in  England  to  the  F16 
vinga  in  USAFE  (4).  No  tranaportatlon  ratea  were  available 
from  Kemble  AB  to  the  choaen  USAFE  vinga.  Baaed  upon  theae 
tranaportatlon  ratea  and  the  number  of  FllO  engine  removala# 
the  coat  of  ahipping  FllO  engines  vaa  calculated.  From  this 
coat  for  FllO  enginaa#  an  aaaumption  vaa  made  that  FllO 
enginea  repraaented  40%  of  all  tranaport  coata  in  peacetime 
and  33%  of  all  coata  during  war  and  suatalned  operationa. 
Baaed  upon  theae  aaaumptiona/  the  total  transportation 
charges  were  estimated  as  follows: 


PACAF  (TRANSPORTATION  COSTS) 

PEACE:  $377/064.39 

WAR:  $221/079.29 

SUSTAINED:  $332/132.29 
TOTAL  ADDED  COST:  $930/276.37 
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For  USAFE  th«  chargoa  from  Mildanhall  to  Ramataln  ware 
conaldarably  chaapar.  Tha  astimatas  for  USAFE  wara: 

USAFE  (TRANSPORTATION  COSTS 
PEACE:  $256,343.13 

NAR:  $150,283.00 

SUSTAINED:  $632,357.32 
TOTAL  ADDED  COSTS:  $1,562,633.70 


Thaaa  coat  aatimataa  fall  within  tha  Rand  atudias 
aatimataa  for  tranaportation  coata.  Thaaa  added  coats  will 
ba  includad  in  the  compariaona  made  between  centralized  and 
organic  structures. 


Initial  Spares 


Tha  initial  spares  estimates  for  centralized 
intermediate  and  organic  intermediate  came  from  a  study 
being  conducted  by  Synergy  Incorporated  for  the  Air  Force. 
The  Plateaus  Study  focuses  on  comparing  when  it  makes  sense 
to  change  maintenance  structures.  Baaed  upon  Synergy's  mod- 
metric  results  for  maintaining  a  90%  availability  rate,  the 
centralized  structure  requlre<^  $38,225.35  per  aircraft  in 
initial  spares  for  peacetime.  These  results  added  five 
additional  days  to  the  repair  cycle  for  centralized  bases  to 
account  for  transportation  requirements.  The  organic 
structure  required  $29,388.17  in  initial  spares  (36).  To 
tailor  the  Synergy  results  to  this  scenario,  the  assumption 
was  made  that  the  initial  six  month  spare  requirements  would 


b«  ttxp^nd^d  ftt  a  rat*  aqual  to  th*  flying  scanarlo.  As  a 
r*sult  th*  following  tabl*  would  r*fl*ct  tht',  actual 
axpanditur*  of  sparas. 


CENTRALIZED 

PEACE 

ORGANIC 

$19,112.68 

$14,694.09 

$12,741.78 

NAR 

$9,796.06 

$  9,556.34 

SUSTAINED 

$7,347.04 

$41,410.80 

TOTAL  COSTS 

$31,837.19 

TOTAL  ADDITIONAL  COSTS:  $  9 » 573.61  (p*r  A/C) 

In  *88*nc*  th*  Synargy  study  id*ntifi«d  spares 
raquiranants  over  an  antir*  twenty  year  life  of  a  weapon 
system.  Ne  adjusted  these  requirements  to  a  fifteen  year 
cycle  and  computed  a  peacetime  expenditure  rate.  This 
peacetime  rat*  was  adjusted  according  to  th*  flying  schedule 
to  compare  relative  coats  for  our  scenario.  The  coat 
differential  if  absorbed  entirely  at  the  outset  equals: 

(Cost  per  A/C) (Cost  per  180  day8)«Total  Life  Cycle  Cost 
($9,573.61  per  A/C) (30  times  180  days) *$287, 208. 30  per  A/C 
(237  A/C ) ( $287 , 208 . 30 ) -$68 , 068 , 367 


If  the  initial  spares  ost  is  absorbed  over  th*  first 
five  years  of  the  weapon  system  th*  initial  cost  is  reduced 
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to  $22 1 689 f 456.  Glvon  tho  Inportoneo  of  opocoa  to  a 
eantralixod  atcucturo*  tho  aasumption  will  bo  mado  that 
thoao  coota  aro  absorbed  at  tho  outset  of  tho  woapon  systoin. 
Those  cost  ostlmatos  do  no  include  interest  and  assume  costs 
are  allocated  equally  over  fifteen  years. 


WRSK  Cost  Comparison 


The  Synergy  study  served  as  the  primary  reference  for 
HRSK  coat  comparisons.  The  Synergy  study  shoved  WRSK  costs 
to  be  $496 1 032  per  aircraft  for  a  standard  organic  structure 
(36).  The  presence  of  prepositioned  intermediate 
maintenance  within  forward  theaters  should  reduce  WRSK 
Intermediate  requirements.  The  author  assumed  a  potential 
savings  of  25%  in  WRSK  requirements  based  upon  Rand's  CILC 
studies.  Potential  cost  savings  would  be: 


ORGANIC 

(496,032  per  A/C)  (237  A/C)  -  $117,559,580 

CENTRALIZED 

(372,024  per  A/C)  (237  A/C)  -  $  88,169,698 


TOTAL  SAVINGS: 


$  29,389,896 


The  additional  spares  required  by  a  centralised 
structure  would  also  augment  the  initial  surge  of  war. 

These  initial  WRSK  costs  also  could  be  allocated  over  time. 
If  these  costs  were  allocated  over  five  years  their  180  day 
portion  would  equal  $2,938,989.60.  In  the  interest  of 
readiness,  they  also  will  be  absorbed  at  the  outset. 
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Sp»g»  Bnqin*  Coaf 


Anothttr  significant  cost  diffsrsncs  bstwssn  intsrmsdists 
strstsgiss  is  spars  angina  costs.  If  JEIM  is  cantraliaadf 
additional  sparas  ara  raquirad  to  compansata  for  tha 
incraasad  rapair  cycla.  Sinca  this  study  focusad  on  FllO 
anginas#  tha  ralativa  costa  of  PllO  sparas  vara  comparad. 
Givan  tha  prasanca  of  22  spars  anginas  in  PACAP  for  a 
cantralizad  structura  and  16  spars  anginas  for  organic  JBIH# 
tha  diffaranca  in  costs  ara  datailad  balow: 

PACAP  (SPARE  PllO  BHGINBS) 

CENTRALIZED:  (22  Sparas) ($2 « 667 #866  par  angina)>$S8«693#052 
ORGANIC:  (16  Sparas) ($2 #667 #866  pat  angina )«$42# 685 #856 

TOTAL  ADDED  COST:  $16#007#135 

Within  USAFE#  similar  additional  costs  ara  incurrad  for 
cantralization: 

OSAPB  (SPARE  PllO  ENGINES) 

CENTRALIZED:  (27  Sparas) ($2 #667 #866  par  angina )«$7 2 #032# 382 
ORGANIC:  (18  Sparas) ($2 #667 #866  par  angina) *$48 #021 #588 

TOTAL  ADDED  COST:  $24#010#794 

COMBINED  ADDED  COST  (PACAP/USAPE)  $40 #017 #929 

This  additional  cost  for  cantralizad  JEIM  aquatas  to 
$168 #852. 02  par  aircraft  mora  than  for  an  organic  JEIM 
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•truetur*.  This  high  coat  rapcaaants  a  aajor  invaatmant  and 

Mitigataa  nany  potantial  aavlnga  of  eantralixatlon.  Tha  ^ 

y 

addad  apacaa  ahould  provida  coapatltiva  eonbat  capability 
for  a  cantralitad  atructura  (26:1-^10). 

MM 

Raplaniahaant  Sparaa  H 

In  addition  to  aatiaating  initial  aparaa  raquiranantaf 
tha  Synargy  "Plataaua  Study"  aatinatad  raplaniahaant  aparaa. 

J 

Tha  Synargy  atudy  aatinatad  raplaniahmant  aparaa  at  $6.05 
million  par  aircraft  ovar.  tha  antiira  lifa  of  tha  waapon 
ayatam  (26:5).  Thia  coat  aatimata  doaa  not  include  aithar 

J 

.  I 

ti 


incraaaa  in  raplaniahnant  aparaa  for  a  diaparaad  maintananca 
atructura.  Tha  advantagaa  of  puah  diatribution  and 
cantralisad  control  ovar  aaaata  raducaa  recurring  aparaa 
raquirananta .  Baaed  upon  thaaa  aaaunptiona*  tha  following 
coat  aatinataa  vara  calculated: 

PACAP  (RBPLBHISHWENT  SPARES) 

ORGANIC:  ($201#667  par  A/C) (113  A/C)»$22,788,371 

CENTRALIZED:  1$177,467  par  A/C) (113  A/C)-$20,053i771 

TOTAL  SAVINGS:  $2, 734 « 600 


anginaa  or  aupport  aquipnant.  If  thaaa  coata  are  allocated 
equally  over  a  fifteen  year  lifa  cycle#  they  equal  $403#333 
par  year.  For  a  180  day  acanario#  tha  coata  would  be 
$201 #667  par  aircraft.  Ualng  thia  figure  aa  an  aatimata# 
and  PACAF  atudiaa#  an  overall  raplaniahmant  aparaa  coat  was 
calculated.  In  PACAF#  aupply  plannara  aatimata  a  12% 
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th«««  pottntlAl  aftvlngs  r«pr«a«nt  an  astlaata  of  vhat 
Might  ba  aavad  ovar  tha  180  day  acanario  for  raplanlahnant 
aparaa.  Mo  adjuataanta  wara  aada  for  wartiaa  or  auatalnad 

Ineraaaaa . 

08AFB  (R8PLBMI8BMBWT  SPAKBS) 

ORGANIC:  ($201 « 667  par  A/C) (124  A/C) -$25,006 #708 

CBNTRALIBBO:  ($177,467  par  A/C) (124  A/C) -$22,005, 008 

TOTAL  SAVINGS:  $3,000,800 

COMBINED  SAVINGS:  $5,735,400 


Tha  potantlal  $5,735,400  in  aavinga  rapraaanta  a 
hypothatical  aavinga  of  cantraliaation.  Cantraliaad  aasat 
control  and  iaprovad  aupply  viaibility  ara  parcaivad 
banafita  of  cantraliaation.  No  adjuataanta  to  thaaa  totala 
wara  aada  for  aurga  oparationa  bacauaa  of  airlift 
conatrainta.  In  all  likalihood,  wartiaa  raaupply  will  taka 
aavaral  aonths  to  occur. 

Support  Equipaant  Coata 

Tha  final  catagory  of  coat  which  will  ba  axaainad  will 
ba  aupport  aquipaant.  Tha  P16  SPO  contractad  with 
Tachnology  Applicationa  Incorporatad  to  aaaaaa  aupport 
aquipaant  raquiraaanta  for  PACAP  and  USAPB  P16  unita.  Tha 
contract  atudy  provided  tha  tabla  of  allowance 
authorixations  for  cantraliaad  intaraadiata  aaintananca  in 
PACAP  aa  wall  aa  for  an  organic  atructura.  Baaed  upon  thaaa 
tabla  of  allowancaa,  and  tha  organic  aupport  equipment 


r«quir«Mnts  tor  USAPB*  coot  •mtimmtmm  wort  Mdo.  To 
dotoralno  tho  potontlol  •ovings«  tho  oaauiiption  vos  Mdo 
that  orgonlsationAl  lovol  oqulpaont  would  b*  tho  sum  in 
USAPB  AS  in  PACAP.  BAAAd  upon  this  cooputAtlon#  the  ovacaII 
cost  difference  between  the  Mintenence  structures  was 
CAlculAted.  The  support  equipment  was  divided  into 
different  cstegories.  These  cstegories  were  Avionics* 
engines*  end  others.  The  overell  ssvings  were  cslculeted 
for  both  PACAP  end  USAPB.  The  cost  figures  ere  provided 
below: 


Pie  SPO  STUDY 

PACAP  SUPPORT  EQUIPWEMT  RBQUIRBMEHTS 
AVIONICS 


CENTRALIZED  ORGANIC 

$51*421*298  $60*047*352 


BNGXMBS  (PllO) 

$10*118*121.92  $9*229*957.92 

OTBBR 

$20*772*669.18  $43*457*492.12 

TOTALS 


$82*312*089.10 
PACAP  SAVINGS: 

TOTAL  SAVINGS  PER  AIRCRAPT: 


$112*734*801.04 

$30*420*711.94 

$269*209.83 
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USAFt  SUPPORT  EQOIPMBHT  MQUIREWBMTS 
AVXOHZCS  (OBQAMZC) 


RAMSTEIH  (48  FAA) 

$18«393<944 

mClMBS  (FIIO) 
$4 « 792 « 059. 16 

OTIIR 

$35,581,148.08 


TOTALS 

$58,767,152.04 
OSAPB  TOTAL  (ORGAHZOt 

SUPPORT  BQOZPMBMT  PER  A/C: 


TORRBJOH  (72  PAA) 
$36,560,726 

$8,174,778.44 

$53,157,470.65 

$97,892,975.09 

$156,660,127.13 

$1,263,388 


qSAFB  SUPPORT  EQOIPWBBT 
CENTRALIZED  (BSTINATBS) 


AVIONICS: 

ENGINES  (PllO): 
OTHER: 

TOTAL  SUPPORT  EQUIPMENT: 


$51,604,131 

$21,469,794 

$44,096,223 

$117,170,148 


SUPPORT  EQUIPMENT  PER  AIRCRAFT:  $944,920 


TOTAL  OSAFB  SAVINGS: 


$39,489,981 
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••••4  upon  PACAP'a  organisational  aquipsMnt 
caqulraaanta*  potantlal  aavinga  tor  USAPB  wars  calculatad. 
PACAP'a  total  Intaraadlata  raquiraaanta  tor  an  organic 
atructura  aqualad  $59« 234*981.  iaaad  upon  thla  tlgura* 
OSAPB'a  potantlal  aavlnga  undar  a  cantrallsad  aalntananca 
atructura  would  ba  $39«489«963  (29:1-3).  In  aaaanca* 
cantrallsad  would  allalnata  tha  additional  Intaraadiata 
aqulpsMnt  tor  tha  aacbnd  wing.  Pro*  tha  pravlous  rasulta* 

It  should  ba  notad  that  thla  rapraaants  a  conaarvatlva 
astiaata.  Ovarall  support  aqulpaant  coats  ara  highar  In 
USAPB  than  in  PACAP.  Thla  tact  nay  ba  dua  to  wartlna 
taaklngs*  paacatlaa  prlorltlaa*  or  tundlng  support. 

Nhatavar  tha  causa*  cantral last Ion  would  ottar  significant 
savings.  Another  tact  which  should  ba  pointed  out  la  that 
centralisation  provides  no  savings  In  PllO  ■aintananca 
support.  Proa  tha  cost  data  provided*  It  la  clear  that 
avionics  offers  a  clear  opportunity  for  savings.  This  fact 
highlights  tha  need  to  evaluate  different  aalntananca 
functions  Independently.  Obviously  an  "all  or  nothing* 
approach  Is  not  appropriate  for  intaraadiata  level 
aalntananca.  Soaa  aalntananca  functions  aay  bw  aora 
appropriate  for  centralisation  than  others. 

Ovarall  Cost  Suaaary 

Tha  ovarall  coat  coaparlsons  for  alternative  aalntananca 
strategies  Is  suaaarizad  below.  Does  cantrallsad 
Intaraadiata  aalntananca  really  save  aonay?  Tha  costs  have 
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b*ttn  combined  for  the  study's  specific  180  day  scenario. 
Cost  elements  which  are  included  are  intermediate  support 
costs#  transportation  costs#  Initial  spares#  WRSK# 
replenishment  spares#  spare  FllO  engines#  and  support 
equipment  costs.  The  cost  estimates  are  combined  for  both 
PACAF  and  USAFE  and  a  plus  (■¥)  sign  represents  a  savings  of 
centralization;  whereas#  a  minus  (-)  represents  an  added 
cost  of  centralization.  Overall  cost  totals  were: 

COST  IMPACTS  OF  CENTRALIZATION 


INTERMEDIATE  SUPPORT 

+$12#071#213 

TRANSPORTATION  CHARGES 

-$  1#562#631 

INITIAL  SPARES 

-$68#068#367 

WRSK  KITS 

•f$29#  389  c  896 

SPARE  FllO  ENGINES 

-$40#017#929 

REPLENISHMENT  SPARES 

5  #735  #400 

SUPPORT  EQUIPMENT  (PACAF) 

+$30#420#711 

SUPPORT  EQUIPMENT  (USAFE) 

••'$39  #489  #983 

TOTAL  SAVINGS 

+$  7 #458 #276 

The  total  savings  in  the  cost  calculations  represent  a 
small  percentage  relative  to  the  overall  costs.  The  bulk  of 
the  cost  trade-offs  are  from  the  spares  requirements  for 
centralized  maintenance  and  for  support  equipment  in  organic 
structures.  The  purchase  of  spares  compensates  for  the  lack 
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of  ropalc  capability  at  the  wings.  On  the  other  hand/  the 
tremendous  cost  of  support  equipment  makes  organic 
structures  very  expensive.  The  minor  cost  difference 
probably  would  not  be  a  deelsioa  driver.  Perhaps  an 
alternative  structure  could  combine  positive  attributes  of 
both  structures.  The  obvious  advantage  of  centralization  in 
support  equipment  oflers  potential  savings.  Local'  repair  in 
organic  structures  reduces  costly  spares  requirements. 
Logistics  planners  must  attempt  to  combine  these  positive 
aspects  into  a  single  support  structure. 

Section  Five:  Overall  Analysis 

The  overall  results  provide  some  general  conclusions. 

On  balance/  organic  JEIM  provides  substantial  improvement  in 
aircraft  availability  over  centralized  JEIM  during  war  and 
sustained  environments.  The  cumulative  impact  of  increased 
pipeline  times  quickly  consumes  the  additional  spares 
provided  for  centralized  structures.  Peacetime  performance 
on  the  other  hand  is  not  significantly  different.  Overall 
organic  JEIM  provided  an  additional  1/974  aircraft  for  the 
180  day  scenario.  This  total  represents  a  4.6%  increase  in 
overall  aircraft  availability.  The  bulk  of  these  aircraft 
are  provided  during  the  sustained  portion  of  the  scenario. 
This  fact  illustrates  the  Impact  of  localized  repair  on 
sustained  combat  capability. 

The  estimated  additional  cost  of  $7/458/276  represents  a 
very  small  increase.  In  fact  this  difference  accounts  for 
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l*ss  than  thraa  additional  FllO  anginas.  An  important  fact 
to  nota  is  that  thasa  coat  aatimatas  attampt  to  combi na  all 
intarmadiata  laval  malntananc« .  The  JENS  modal  only 
avaluatad  JEIH  support.  If  tha  JEIH  rasults  are 
raprasantativa  of  ovarall  Intarmadiata  maintanancs/  many 
conclusions  can  ba  mada.  Tha  many  unique  aspects  of 
avionics#  anginas#  and  othar  maintananca  functions  makes 
this  conclusion  questionable.  Each  maintananca  function 
would  require  independent  performance  and  cost  analysis. 

From  this  study's  results#  one  can  definitely  determine  that 
organic  JEIH  provides  increased  capability  at  substantially 
the  same  cost  as  centralized  JEIH. 

Summary 

This  chapter  presented  the  simulation  rasults  on 
aircraft  availability  for  centralized  and  organic  JEIH.  The 
availability  results  ware  statistically  analyzed  for  the 
relative  differences  in  performance.  Cost  data  was 
presented  v/hich  detailed  tha  relative  economies  of  the 
alternative  structures.  Finally  an  ovarall  assessment  of 
tha  research  rasults  vara  presented.  Tha  following  chapter 
presents  tha  study's  overall  conclusions. 
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V.  ConcluBlons 


ChBPf  g  OvrvlBW 

This  chaptsc  providsa  conclusions  about  tha  rasaacch 
rasults  from  Chaptsr  IV.  Tha  aircraft  availability  results 
and  cost  comparisons  ara  summarlzad.-  Ovarall  trands  within 
tha  rasults  ara  axplainad  and  axamlnad’  for  furthar 
ralavanca.  Finally «  thosa  araas  displaying  tha  greatest 
potential  ara  highlighted. 

Research  Limitations 

Tha  broad  nature  of  intarnadlata  level  malntananca 
required  this  study  to  limit  its  scope.  Tha  JEMS  model  was 
used  to  evaluate  PllO  intermediate  maintenance  under  both  a 
centralized  and  a  traditional  structure.  The  performance 
results  in  this  study  relate  exclusively  to  engine  support. 
The  assumption  has  been  made  that  JEIH  is  representative  of 
overall  intermediate  maintenance. 

Research  time  constraints  and  limited  expertise  made 
this  assumption  necessary.  The  cost  estimates  made  were  for 
overall  intermediate  level  maintenance.  The  extent  to  which 
FllO  intermediate  maintenance  is  representative  of  overall 
intermediate  maintenance  directly  impacts  the  research 
validity.  The  simulation  results  and  actual  peacetime 
availability  rates  are  similar »  but  multiple  factors  impact 
"actual"  performance  results.  The  scenarios  chosen  for 
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rtta«arch  analysis  w«r«  rigidly  controlled.  Only  those 
elements  directly  pertinent  to  asintenance  structure  were 
allowed  to  differ.  These  elements  were  transit  times/ 
spares/  asintenance  crews /  and  maintenance  resources.  The 
relative  performance  of  JEIH  support  was  evaluated  under 
these  conditions. 

The  cost  estimates  included  only  portions  of  overall 
maintenance  costs.  Simplifying  assumptions  made  by  the 
author  make  the  cost  estimates  "rough  approximations"  of 
comparative  costs.  Similar  studies  completed  by  the  Rand 
Corporation  and  Synergy  Incorporated  offer  credence  to  the 
overall  cost  estimates. 

The  multitude  of  factors  which  impact  maintenance 
support  make  detailed  analysis  difficult.  This  study 
explored  the  pot‘''ntial  impact  of  centralization  upon  mission 
capability  and  cost.  Despite  the  limited  scope  of  the 
study/  some  general  conclusions  were  made.  The  most 
significant  results  follow. 

Aircraft  Availability 

Aircraft  availability  results  for  FllO  support  produced 
mixed  results.  Little  statistical  difference  between 
performance  results  was  observed  for  peacetime  scenarios. 
Only  when  the  repair  cycle  was  Increased  by  25  percent  did 
major  differences  occur.  This  fact  suggests  that 
centralized  JEIN  is  more  sensitive  to  time.  The  fact  that 
centralized  JEIH  allows  less  flexibility  is  an  important 
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point.  Th*  built-in  transportaition  roquiromonts  naKe 
cantralisad  JEin  Ians  raaponaiva  to  changa. 

Tha  ganacal  conclusion  that  can  ba  mada  about  paacatima 
oparations  is  that  aithar  concapt  providas  adaquata  support. 
If  transit  tinas  ara  raducad  from  four  days  to  two  days# 
cantralizad  JEIH  shows  only  minor  improvamant.  Factors  such 
as  maintananca  craws#  sparas#  and  tas't  calls  of  tan  ara  tha 
limiting  constraint. 

Wartime  Conclusions 

Tha  most  avldant  diffaranca  batwaan  cantralizad  JEIM  and 
organic  JEIN  again  appaarad  in  tha  Incraased  rapair  cycla 
scanario.  As  mantionad  aarllar#  this  scanario  is  tha  nost 
realistic.  Maintenance  craws  wars  the  source  of  maintenance 
backlogs  in  both  cases.  Since  both  structures  had  equal 
manning  levels#  the  results  reflect  the  impact  of 
transportation  times.  In  USAFE#  centralized  JEIH  provided 
more  aircraft  for  both  the  five  and  six  day  scenarios.  This 
suggests  that  tha  additional  sparas  undar  cantralizad  JEIM 
overcame  tha  transportation  raquiramants.  These  mixed 
results  show  that  centralized  JEIH  can  provide  comparable 
support#  but  that  the  impact  of  increased  repair  times  could 
be  drastic.  Probable  wartime  conditions  make  this  impact 
risky.  Tha  negative  Impact  of  increased  rapair  times  makes 
centralized  JEIM  unacceptable  for  war. 


Su«t«in»d  Concluaiona 


Th«  aostain«d  scenario  raaulta  vividly  dapict  tha 
nagativa  liipact  of  cantralisation.  Ovar  tina  aircraft 
availability  daclinas  and  ravaals  a  ralativa  advantaga  for 
organic  JBIM.  Tha  raaulta  vara  particularly  avldant  in 
PACAF  with  only  ona  axcaption  in  USAFB.  Incraaalng  aparaa 
producad  littla  changa  whila  incraaalng  crawa  in  PACAF  gava 
cantralizad  JEIM  an  advantaga  for  three  acanarlos.  Onca 
again#  tha  incraaaed  repair  cycle  gave  organic  JBIM  the 
clear  advantage.  These  reaulta  auggeat  that  maintenance 
creva  may  prove  to  be  the  limiting  factor.  Reducing  tranait 
times  may  prove  irrelevant  if  maintenance  capacities  are 
exceeded. 

Availability  Summary 

I 

Haintananca  stratagias  and  organizational  structures 
directly  Impact  performance.  Tha  maintenance  concept's 
ability  to  provide  affective  logistics  support  is  dependant 
upon  providing  sufficient  quantities  of  people#  spares#  and 
repair  capabilities.  The  JBMS  model  indicates  that 
centralised  JBIM  can  provide  comparable  support  for 
peacetime  scenarios.  Tha  unpredictable  nature  of  wartime 
repair  cycles  dictates  tha  use  of  organic  JBIM  for  war  and 
sustained  operations.  Graphs  provided  in  Appendix  F 
illustrate  worldwide  availability  results  and  relative 
maintenance  performance.  The  trade>off  spares  for  people 
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limit*  flexibility  and  reduce*  c**pon*ivene**.  The  po*itive 
impact  of  centralixation  upon  mobility  wa*  not  directly 
examined.  Baaed  upon  the  JENS  aimulation  re*ult*«  organic 
JBXH  ha*  clear  advantages.  This  study  asoume*  the  wing* 
will  conduct  all  operation*  from  their  home  base*.  The 
interruption*  caused  by  deployment  would  drastically  change 
these  results.  Current  plana  call  for  little  intermediate 
support  during  the  first  thirty  days  of  war.  Prepositibned 
CIRF's  with  intermediate  capability  immediately  available 
would  offer  clear  advantages. 

In  essence/  centralized  JEIM  is  not  as  effective  as 
organic  JEIM.  Local  repair  capability  provides  greater 
combat  capability.  The  impact  is  minimal  in  peacetime  but 
can  be  very  substantinl  during  wartime  contingencies. 

Cost  Comparison 

The  principle  differences  in  costs  between  the 
intermediate  concepts  is  support  equipment  and  spares. 
Organic  repair  requires  a  great  amount  of  support  equipment: 
whereas/  centralized  repair  compensates  by  purchasing 
additional  spares.  In  essence/  there  is  little  total 
difference,  tmly  minor  operating  efficiencies  were  noted 
from  the  VAMOSC  data.  Given  the  greater  combat  capability 
of  organic  repair/  preference  for  that  concept  is  clearly 
warranted. 

A  principle  purpose  for  this  research  has  been  the 
balancing  of  wartime  effectiveness  with  peacetime 


•tficicncy.  Th«  snail  snount  of  savings  of farad  by 
cantral last ion  caquiras  littla  balancing.  Nhila  othar 
subsystans  such  as  avionics  Visy  offar  graatar  ralativa 
savings*  JB.tM  claarly  doas  not. 

Ovarall  Conclusion 

Logistics  support  decisions  raquira  a  conbinad  systans 
approach.  Based  upon  conbat  capability  and  cost 
considerations*  PllO  intarnadiata  support  should  be 
collocated  with  operational  units.  The  increasing  costs  of 
maintenance  support  may  ultinataly  dictate  the  location  of 
CIRPs  with  operational  units.  Given  this  study's  results* 
centralized  JEIM  offers  little  savings  at  a  great  cost  in 
mission  capability. 
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VI.  Diacuaaion  •nd  R*coiMwnd*tion« 


Ch>Df  t  Ovgvi*w 

This  chapter  eonclud«a  th*  study  by  discussing  ths 
rssssrch  results  snd  nsking  rsconnsndstions  for  future 
studies.  Potentisl  rstnif icstions  of  the  resesrch  results 
ere  explored  in  light  of  current  trends  within  Air  Force 
nsintensnee  policies. 

Discussion 

The  results  of  this  study  vslidste  the  preference  of  Air 
Force  leaders  for  unit  'self  sufficiency".  The  net  coat  of 
this  operational  strategy  does  not  appear  to  be  prohibitive. 
The  exchange  of  repair  capability  tor  additional  spares 
limits  combat  flexibility  and  offers  little  savings. 
Peacetime  performance  results  reveal  little  difference  but 
surge  demands  reveal  inherent  weaknesses  for  centralized 
support.  Thii;  study  assumed  that  JEIM  support  was 
representative  of  all  intermediate  support.  More  detailed 
and  functional  analysis  would  be  required  for  different 
types  of  maintenance.  Crucial  to  any  scenario  would  be  the 
economic  viability  of  purchasing  sufficient  spares. 

Resource  constraints  often  create  shortfalls  within  Air 
Force  spares.  Without  sufficient  spares «  centralized  repair 
detracts  from  readiness.  Another  related  aspect  is  that 
local  repair  remains  subject  to  local  commanders. 


J 


M 


95 


Twr-: 


Ctntc«llt«d  r«p«ir  facllitlts  fall  outaida  tha  diraet 
control  of  wing  coanandars*  Thaaa  facta  detract  fron  a  wing 
coMMndor'a  control  whlla  atill  retaining  hla  raaponalblllty 
for  alaalon  parfornanca. 

Another  factor  would  be  unit  identification.  Paraonnal 
aaaignad  to  flying  winga  hopefully  identify  with  unit 
perfornance  and  aee  their  individual  contributiona.  Being 
phyaically  prea^nt  at  the  unit  ahould  enhance  thia 
recognition  and  provide  job  aof'lvatlon. 

Tranaltlon  to  War 

Given  the  equal  performance  of  the  maintenance 
atrateglea  during  peace#  what  ahould  be  done?  la  It 
pcaalble  to  combine  the  beat  attributea  of  both  atrateglea? 
Hiatorlcally  armiea  have  preferred  tc  operate  and  train  In 
peace  aa  they  Intead  to  fight  in  war.  If  thia  tradition 
remaina#  It  becomea  very  difficult  and  unneceaaary  to 
combine  both  atrateglea.  Current  trenda  of  improved 
component  reliability#  airlift  ahortagea#  and  riaing  aupport 
equipment  coata  require  a  change  in  thinking.  Decreased  DOD 
funding  requires  the  development  of  alternative  maintenance 
structures.  If  vulnerability  issues  dominate#  perhaps  the 
strategies  should  be  implemented  within  the  United  States. 
Rising  support  costa  limit  military  options  and  decrease 
overall  military  capability. 

Logistics  planners  must  design  logistics  systems  which 
recognize  the  growing  development  of  diagnostic  systems  and 


thtt  i«p«ct  of  Incroaood  toehnleol  eonploxlty.  Rotoinlng 
ropolr  copobility  at  tho  unit  lovol  may  gradually  bacoma  too 
coatly  and  InaCfielant.  Putura  waapon  ayataaa  muat 
racogniaa  thaaa  tranda  and  taka  atapa  now  to  aaat  tha 
ehallangaa  which  11a  ahaad. 

Putura  Raaaarch 

Thla  atudy  haa  avaluatad  ona  waapon  ayataa  for  ona  typa 
of  Intaraadlata  nalntananca.  Purthar  raaaarch  la  raqulrad 
on  axlatlng  waapon  ayatama  to  highlight  potential  impacts  of 
central i sad  intarmadiata  maintenance.  Tha  ideal  time  for 
implementing  alternative  maintenance  concepts  comas  at  tha 
initial  acquisition  of  a  waapon  system.  Existing  systems 
can  provide  data  end  information  about  tha  bast  strategies 
for  tomorrow's  waapon  systems.  Increased  reliability/ 
computer  technology#  and  personnel  proficiency  all  will 
directly  Impact  future  maintenance  strategies.  Those  who  do 
not  understand  the  mistakes  of  the  pasc  are  likely  to  repeat 
them  again  in  the  future. 
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1)  What  inpact  did  centralization  have  on  PACAF's  combat 
capability? 

2)  How  would  centralized  intermediate  maintenance  at  Kadena 
impact  PACAF's  wartime  capability? 

3)  What  were  some  negative  and  positive  outcomes  for 
establishing  the  CIRF  at  Kadena? 

4)  What  things  could  have,  been  done  to  improve  the 
centralized  concept? 

5)  Did  PACAF  save  money  by  centralizing  intermediate 
repair? 

6)  Given  the  choice/  which  intermediate  maintenance 
structure  would  you  prefer? 


I 
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ENGINE  PIPELINE  STRHDNRDS 
Fiie-GE-iee 


■^iCtBRBUT  80/90792  48/58/60  56/66/68 


App«nd>lx  B:  List  of  Maint«nanc«  Asatta  (JEMS  Inputa) 


CEHTRALI2BD  JBIM  (BASELINE) 


PACAF 

USAFE 

MAINTENANCE  CREWS: 

16 

21 

SPARE  FllO  ENGINES: 

22 

27 

TEST  CELLS: 

2 

2 

ROLLSTANOS: 

4 

4 

HANDSTANDS: 

36 

36 

CMRl  (Removal  Interval)  229  (Peace)  312.5  (Others) 


ORGANIC  JBIM  (BASELINE) 


PACAF 

USAFE 

MAINTENANCE  CREWS: 

16 

21 

SPARE  FllO  ENGINES: 

16 

18 

TEST  CELLS: 

4 

H 

ROLL STANDS: 

4 

4 

HANDSTANDS : 

48 

48 

CHRI  (Removal  Interval):  229  (Peace)  312.5  (Others) 
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Appendix  F:  Grephicel  Reeulf 


This  sppsndix  provides  selected  graphs  from  the  JEMS 
simulation  results.  Availability  rates  for  PACAF  and  USAFE 
vings  are  presented  for  both  JEIM  intermediate  structures. 
Results  presented  are  the  two  days  transit#  four  days 
transit  and  the  increased  repair  cycle.  Host  revealing  is 
the  graph  revealing  worldwide  serviceable  engines.  This 
graph  reveals  the  point  where  centralised  JEIM  depletes  its 
spare  PllO  engines.  Its  occurrence  during  the  wartime 
portion  of  the  simulation  has  direct  impact  on  mission 
capability. 
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RANSTEIN  AVAILABILITY  (ORGANIC  JEIH) 
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MORLDNXDB  AVAILABILITY  (ORGANIC  JBIN) 


MORLDNIDB  SBRVXCBABLES  (ORGANIC  JBIM) 
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HISANA  AVAZLABILITy  (INCREASED  REPAIR  CYCLE) 


KUMSAN  AVAILABILITY  (INCREASED  REPAIR  CYCLE) 
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Tli«  purpos*  of  this  study  was  to  ovaluat*  tho  ralatlv* 
parfocRianea  and  coat  of  cantrallaad  intacnadiata  naintananca 
varaua  traditional  organic  naintananca.  Tha  study  had  thraa 
objactivass  1)  Maasura  paacatiM  raadinass  parforaanca  for 
cantralisad  and  organic  intaraadiata  Baintananca*  2) 

Naasura  wartiaa  coabat  capability  parforaanca  for  both 
aaintananca  concaptSf  3)  To  coapara  aaintananca  costs 
batwaan  cantralisad  and  organic  intaraadiata  aaintananca 
concapta. 

Tha  objactivas  vara  accoaplishad  through  statistical 
analysis  of  tha  Jat  Engina  Maintananca  Siaulator  (JEMS) 
siaulation  modal  for  F16  FllO  anginas.  Tha  cost  comparisons 
wars  obtained  froa  Air  Force  Logistics  Coaaand  (AFLC) 
agencies  and  tha  F16  Systaas  Prograa  Office  (SPO). 

Analysis  of  tha  simulation  results  found  that  peacetime 
readiness  rates  ware  statistically  tha  same  for  26  of  30 
paacatima  simulations.  Of  tha  four  results  which  showed 
significant  diffarencaa#  thraa  favored  organic  maintenance 
while  one  favored  cantroliaad  aaintananca.  Different 
simulations  ware  made  for  varying  transit  tlaas#  maintananca 
craws «  and  quantity  of  spares. 

Tha  wartiaa  results  found  statistical  diffarancas  in 
aircraft  availability  on  20  of  tha  30  simulation  runs.  Of 
these f  16  found  higher  availability  rates  for  organic 
aaintananca  while  four  found  higher  rates  for  cantralisad 
structures. 

Tha  sustained  results  found  statistical  differences  in 
aircraft  availability  on  28  of  tha  30  runs.  Of  these#  25 
found  higher  availability  rates  for  organic  mdintenance 
while  thraa  found  higher  rates  for  cantralisad  structures. 

Tha  estimated  coat  differential  for  tha  aaintananca 
structures  over  the  180  day  scenario  was  $7 #458 #276.  This 
cost  difference  included  estimates  for  intarmediata  support# 
transportation#  initial  spares#  war  reserve  spares  kits 
(WRSK)#  spare  FllO  anginas#  raplanishmant  spares#  and 
support  equipment. 

This  study  recommended  that  organic  engina  support  be 
maintained  for  FllO  engines  and  that  organic  intermediate 
maintenance  be  preferred  for  maximum  combat  capability. 
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